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li!i Pkohmm or Basic Mlciianisms in Behavior 

In vicwiiif^ tile responses of an animal to vanoxis stimuli, the 
question arises as to tlie basic functions involved m these responses. 
Wc aic not satisfied with knowing that certain stimulus-response 
reliitionslups exist. We want to know something about the mechan¬ 
isms ojiciativc in dctcniiinlng the responses of an animal to its 
oiiviionmcnt. It docs not seem possible to anive at such knowledge 
by (letci mining siimvilus-rcsponsc relationships m a haphazard man¬ 
ner In such a way we may merely arrive at hundreds of disconnected 
bchavioi items, which, though ‘'objectively” established, do not 
thiow much light on the nature of the psychological, physiological, 
ncmal, etc,, cipiipment of the animtil To find that certain responses 
do occur is one tiling, to find that these responses occur, and occur 
in a certain fashion, because of the animal’s being equipped with 
certain meihanisins, is another tiling In otlicr words, trying to es- 
lalilish stimulus-response relationships is different from trying to 
understand sulIi relationships in tciins of the equipment of the animal. 
In the fiisl case we want to know about the occuuence oi non- 
occinrence of ceitain jcactjons undoi given conditions; in the second 
ca^e wc air interested in the mechanisms involved in these reactions. 
Siniplif)^ing the Mlualion somewhat, tlic pioblcm may be stated thus; 
Wc aic not incielv interested in dcteimlning that n icsponscs occur 
in the presence of ;; difteiciit stimuli, but we want to obtain exact 
infoimation about the scnsoiy, emotional, etc., in short, psycliological 
metliamsms involved in t)ie bchavioi of ammals vvJille reacting to 
eiwiionmcntal stimuli In the picsent study wc arc chiefly concerned 
with the mechanisms opciativc m monkeys while leacting to sensory 
stimuli The problem may be stated differently. In case we do not 

’'Acrepicil for piilihcnlion by K S Lashley of the Editorial Board and 
received lu ilic Eiliiorial Oflirc, April 5, 1930 -n 

^Snidic'i from ibc Iklinvior Rescaich Fmid, ClucaRoj Ernest W Borgesa, 
Ph.j)., niredor Series U, No. 162 
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State It with refciencc to the reaction mcLii.misins of the i»r^arnMn 
but with reference to the stimuli icaUcJ to, it may he formulated as 
follows; Which aspects of the siiwahis sftaahon me primarily ef¬ 
fective irt, or me the chief /Icicrmtnmiis of, (he ifcluwioi of the 
7nonkey^ 

Wc have stated the pioblem in a very j^^enpr.il way, The stmlv of 
scnsoiy mechanisms involved in monkey hcli.ivlur fWciNsaiilv irdiKcs 
itself to the study of a large number of special (iiiestions. We do 
not consider these special problems at present* 

Stimulus-Response Psychology as a Wrong Appro vch— 
WiiAT Arf the *‘RnspoNsrs'’? 

There is no doubt that in studying the problem foimulateil wc 
must rely on leactions to experimentally coiUrolled stimulu Hut 
sucli a statement is as superficial as the statement that psycliology 
should be stimulus-iespouse psychology since the solution to nur 
problem (as wll as to other problems m psychology, to he sure) 
is not found by rcgistciing lesponscs to stimuli, but l)y very dednitc 
ways of varying the stimuli systematically, The inanrici of variation 
is of paramount significance. Unfortunately, it is as imposMhle to 
lay down a general uile foi the most effective piocrdure in v<irying 
stimuli as it is waste of time to assert that sticking in the stimulus- 
response formula would make a “science” out of psychologv. Th<‘ 
very aim of lescaich is to find out what the responses of the animal 
aie How, then, could wc begin with icsponscs^ Let Us consider 
a few examples. 

Suppose we find that an animal is able to distinguish t^^o ciitles 
differing with respect to one variable only, as, foi instance, biightness, 
and let us assume that the stimulus situation is perfectly Contiolleil 
Still we do not know whether the animal responds to the hnghlness- 
diffeieacc; and our suspicion that it docs not finds some suppoit 
when we discover that the same animal cannot distinguish two lii- 
angles of the same area, brightness-difference, etc , as the circles It 
follows that the response of the animal to tlic ciiclcs is not meiely 
a response to a brightness-difFcicnce Hut what, tlicn, is the “resptinse” 
of the animal in this case^ To he sure, if the stimulus siticuion is 
controlled, we know that the brightnc.s-diffeience hecouK-s somehow 
effective, but that is all wc know Hncfiv staled • Oiu example shows 
that while physically wc may have nothing hut a hiightncss-diffcicncc, 
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bclitivioially the response is inddcquAtcly characteiized by considering 
It ti 1 espouse to a blight ness- difference 

Let us consider anothci example Suppose an animal after a long 
periotl of training leacts "positively” to one of two spectral bands 
diffeu’ng in wave lengths only, let us say to 655 m/t instead of 505 nri;x. 
Wii.it IS hcie the ‘Response” of the animal in case wc find that the 
s.ime animal being confiontcd with 595 m/a and 478 m/x leacts at 
(mce positively to 595 iti/x in 100% of the cases? 

A fijoil example. Let us assume th.T.t two diiJeient animals are 
ti.lined on stimuli involving nothing but a bnghtncss-ciiffercnce In 
100%; of the cases both animals respond to the brighter of the two 
objects by picssing a kev Are wc justified in maintaining that the 
"s.itne” icsponsc is m.ide by cither animal^ IJy confronting the same 
annuals ivitJi a yellow and a blue object, we presently find that one 
of the animals chooses the yellow object in 100% of the tiials, the 
othci animal in about 50% of the trials. That means, we have 
evciy ic.ison to assume, that tlie responses of the animals xvere ^Mif- 
feient" to begin with, altlunigh wc must insist that physically the 
same hiightncss-diffcience xvas introduced for both of the animals. 
Onlv a l.ivmaii would be inclined to call the picssing of a key the 
"iespouse”; scientifically, it is, to say the least, misleading to speak 
lieie of a icsponsc In our case it is even xviong, since wc know 
enough about the eftects of peripheral stimulation in the visual field 
to say that tl>c response of the organism as elicited by a difteiencc 
in l)ngluness is not idonlical with the raising of a leg to press a key 

Whenevn we obtain icsults similar to those given in our three 
cx.iniples we .iie at a loss concerning the "response” of the animal. 
It seems, tlieicfoic, tli.it cvciybodv hitercbted m dctci mining the 
actual 1 espouses of the animal as elicited by stimulation must dispose 
of the stimiilus-iespouse foiinula, since it is not only misleading and 
incoiiect but positively hainiful, inasmuch as it keeps us fiom finding 
out M’hal tlie i espouses of the animal are 

WiiAT Arc the "Stimuli”^ 

'riieie appe.irs to be notbuig wrong with a stimulus-response 
psychology when it comes to insisting upon a pcifcct contiol of the 
St mill 1 1 used, lJuL the picture of exactness fadc.s wlien we find that 
even in i}U.mtil.ilivc xvoik it is not always possible, as H. M. John¬ 
son (I) lias pointed out, to contiol two variables at the s.imc time. It 
is, foi instance, impossible to contiol aica and blightness simul- 
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taneously. (Some evidence nii^dit lie hrou^til foruaid to Mipport 

iftr more radical slatemciit tlial it is never tn equate 

two stimuli in all respects except unc. Hut we sliall not .n^»ne ilns 
point at picsenl,) At any latc, in (luantitalive as \Mdl as in 
tatlve work^ our attempt at keeping; all vanabhs except one umsliuu 
results veiy often in a failure, Of couise, the bcliavioiisi ^\ill tid- 
vocatc ways and means of dealing with such a situation. Wv sh.ill 
not consider the pioccdures lie may use for leinedi in|^ it. We propose 
to show that the contiol of the stimulus situalmn raises pioblems 
which represent almost inisurmoiintable dillicultios 
Let us cortsidci the ideal ease in which all variables except one 
aic controlled. What does that mean physically? li mains iliat 
the stntuih are identical in n —/ char acta istus and that /Are arc 
different with respect to one charactenstic 'Hie fact that .dl tlif- 
ferentiating chaiactciistics except one are absent itnphes that n—I 
identical characteristics are present. We believe that tire importance 
of this fact for the study of animal behavior has never been brought 
out cleavlv. Tins fact tluows light on many hitlrcno unexplained 
experimental findings. We indicate its sipnficance by raising two 
questions (a) Why should the picscncc of n —7, let us sav 10, 
chaiacteristics be less important in determining the response ol the 
animal than the presence of one distingiuslring characlciistic? As 
could be easily shown by a review of lire litcratuic, the assumption 
of the lesser importance of the identical characteristics cannot he made; 
(i) What has been done in deter mining lire effect of each of the 
identical (in our example, 10) chaiactciistics referred to? A review of 
the experimental htetatiiic available shows dcailv that In this respect 
certainly not very much has been done in a systematic wav. 

So far we have stated a few of the cliflicultics encountned in any 
research on the basic mechanisms involved in animal bclravioi It 
IS OUT belief that a presentation of these dlfficiillics is of considcr.iblc 
value. There is at least some advantage in knowing that the stimulus- 
response formula is practically worthless, since "stimuli” and "re¬ 
sponses” in animal behavior work are highly obsciuc matlcis 

The Method of Equivalent Stimuli 

We have stated the problem and the difficulties centered aiound 
this problem at some length. We slull piocccd to desenbe shortly 
a method which, although it does not answci all objections we aie 
able to raise, seems nevertheless to be a step in the right direction. 
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Wc call tills mc'lluHl the ^'method of equivalent stimuli’’ We have 
u<^(‘(l It in oui on Mataijnev (Java monkeys) horn 1925 on It 
was used in oiii e\peiimcntal work at the University of Minnesota, 
1925-1926, and at the IJchavior Research Fund, Chicago, fiom 1928 
on, 1 he method was developed in staiting fiom flie wcll-kno^vn 
tiaiisposition (‘\poiiments of Lashlcy and Kohler. ' Refeience was 
niiule to It in .i p.ipei entitled ’’Relational Thinking in Monkeys” (2) 
given at llie meeting of ihr American Psychological Association in 
New Yoik Citv, DcLcmhci, 1928, and in a paper entitled ’’The 
Kquivalcnce of Stimuli in Monkeys” (3) given at the International 
CongHss of l^vchologv in New Haven, September 2, 1929. 

To lepeat: Wc want to know something about the basic mechan- 
Miis in animal behavior by finding out which aspects of the stimulus 
situation are primaril)^ eftectivc The method used involves two 
stcjis: (o) A (liftcicncc (in diftcienccs) between two stimuli pre- 
seriicd either simuUaneouslv or successively is (are) made effective 
through tiaining, that is to say, the animal is trained to react posi¬ 
tively to one and negatively to the other stimulus It is not essential 
to tile method that the differential response is set up through a process 
of training. '‘Dicic .ue differential responses winch on the basis of 
oui picsent knowledge aic not the effect of tiaining. Nor is it es¬ 
sential that fioo stimulvis objects aic used. One stimulus object, for 
instance, is suflicient (cf, "pulling-to-stop^* technique below); (b) 
In "c iiliCiil” triiils, to use Kohler’s expression, wc replace the training 
stimuli hv stimuli differing in one or several cliaractcustics from tlic 
ones used oi by ’’totally different” stimuli. The animal, no matter 
what its leaetions in the critical trials arc, obtains food in all trials. 
Suppose wc find now that it reacts in 100% of the critical trials posi¬ 
tively lo one ami negatively to the other stimulus In case the consisten¬ 
cy in tlic anim.irs responses is clcaily the “after-effect” of the training 
situation—theic aie cases in which the consistency as found at this 
point h,us notiling to do with the diffeicntial response set up during 
training—wc consider the ciitical stimuli as equivalent to the stimuli 
* used in training (Of course, it is possible that instead of the 100% 
collect tiuils, a vciy high pciccntage of correct leactions oi some 
olliei ciitcnon has been used duiing tidinlng. The point is that in 
tlic tiilic.d tiials we lely on the same ciitciion by means of which 
tlic validilv of the differential response duimg tiaining has been es- 
lablislied.) In case wc find that the animal responds in about 50% 
of the lii.ils lo one and In the icmaining 50% to the other stimulus, 
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we consider tlie critical stirntdi ^Ve speak of non- 

equivalence, too, in case the animal, tlioujrh rcspoiulmi; lonsistentiy 
to one of the stimuli, docs not react in tcims of tlie training situation. 
By experimenting ^\nt^l a large number of diilcrent pair-, of critical 
stimuli, wc arrive finally at gioups of cipnvalcnt and non-cMuivalcnt 
stimuli. We call the equivalence (and non-ciiuivalenco) arrived at 
in such a way objective equivalence, 

Experimentally our method involves only tu’o sfcps. l<r aruVe 
at an answer to the pioblcm foimulatrd wc must ciniceni ourHclves 
with a further task Indeed, the nc\( step, tlir third o/ie, is the most 
Important one as regards our problem It consists in an an.ihsis of 
groups of equivalent and non-equivalent stimuli, le, in a search 
for those cliaracteiistics of the stiniuH which account for tile equiv.i' 
lence or non-equivalence as experimentally found* On the basis of 
such an analysis, xvc arc able, in case our groups of eiiuiv.ilmt and 
non-equivalent stimuli aic sufliciently large, to c)iar*icU'rr/e m a 
preliminary way the functions involved in bringing about objective 
equivalence* In other words, the third step j\ the step from obirujvi' 
to fu7icltond equivalence* It means that the kind of consistcmy 
found JO various differential responses of the anlmal^—i,r , obp ctive 
equivalence—iq now understood by rofcrcucc to sonic fuiulinn opri- 
ative in a variety of stimulus situations—i.e., by icforeiKO to 
functional equivalence The information concerning (iinciional 
equivalence thus gained necessarily leads to further cxpeiinientation. 

It IS perhaps unnecessary to add, though it cannot he cinphasi/ed 
too much, that xvhatevcr our results conceining objective and fiim- 
tional equivalence arc, they represent results in terms of ceitain 
experimental conditions and ccitain animals Furthennoic, ihe 
critical stimuli arc intioduced at a ccitain point of the leaining 
curve in case wc have Uained the animals with icspcct to a set of 
stimuli The introduction of critical stimuli is akvays picccdiMl hv u 
period m which consistency in the differential iespouses of the anim.d 
has been found. These facts have to be kept in miiul wlien it conies 
to general statements about basic mechanisms in animal behavioi suite 
such generaliv^ations are nothing but attempts to sumniari/e veiV 
special findings. 

The Method of Equivalent Stimuli in Its Hiaiunu on 
Studies op Animal lyrAtwiNO 

At tins point an important question may be raisctl, Wliv, m'p m.iv 
ask, resort to the method of equivalent stimuli if leaiiiiij;^ niives .iie 
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,iblc to toll ilic whole story? Experimental studies show that certain 
ic.ictions of tlic annual are easily learned Avhilc otheis arc acquiicd 
wjtli the j^-jealcst difficulty. Some icactions seem to reqmie hardly 
any IcLiinin^ The question is pcitincnt Docs not an analysis of 
the diffeieiit t\pes of Icarninp; curves f^ive us the desired infoimatlon 
about basic mecli.injsins involved in learning? It does if the study 
of Iciuning IS centered aiouncl tlic pioblcm as to what it is in the 
ps 5 clr(>logiLal, pliysiological, and ncuial, etc, equipment of the ani¬ 
mal that accounts for the type of learning observed To find out 
that paiiftlivioidoctomized rats fail to leain or aie infeiior to normal 
rats in learning a certain maze docs not give us any infoimation as 
to the nature of the mcclianisms interfered with through the opei- 
atioiL The chief reason foi this lack of information is that at present 
no clear-cut icsults as to the mechanisms involved in maze learning 
aic available It is hard to Imagine that such results will be forth¬ 
coming unless a frontal attack on the pioblem above formulated is 
made* Which propcities of the stimulus situation are primarily ef¬ 
fective in (Ietcimining the bchavioi of the animal? The fact tliat a 
ceiLiin peifounance, e.g, a maze peifoimancc, is far moie difficult 
than another peifoimancc of the same kind, as shown by time-and- 
ei roi-cmvcs, docs not tell us anything about the functions involved. 
Such a fact docs not constitute the slightest proof for the assumption 
that the nitistciy of the “more difficult** maze implies “more com¬ 
plex” 01 “higher” functions In case such a statement is made, it 
generally means one of three things (a) that tlic author is working 
with a populai, prcscientific conception of "complexity**; (i) that 
he is merely ledcscribing his data, ic, translating the gicater "dif¬ 
ficulty,** which may be assumed on the basis of the time-and-error- 
curves, into greater "complexity”, (^) that he bases his conclusion 
on facts not presented in the learning curves We arc not conceined 
licie with an evaluation of learning studies, but with bringing out 
tlic point that the piocedurcs followed in many studies of learning 
aiG not likely to increase rapidly our knowledge of the chief deter¬ 
minants of animal behavior 

Tun Pulling-In Technique 

We have used the method of equivalent stimuli in cxpciimental 
woilc on (liffeemt gencui and species of monkeys and on pieschool 
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cliildiciL It is, of coiiise, nno^'Viiy lo ilcvi-c s|icii*il trdniMinrs 
in connection with this mctliml In ciciilin c '^ith nur suhjiit'', 

Imve cm[iloycd a piilliiiR-in tcclinuiiic nilh nifulilii-itinn^, 

In the follovviriK wc sliall dcscnbc tins taliiiiquc bnrily hy n {ernn^^ 
to our experiments on Java monkev*!. I'he U*thiii*!nc (‘uiphncd makes 
use of the obcivation that a caj^ccMn monkc) will puli m a Imv .uid 
examine it if we attach a titling to the box, phiung thr li(>\ at soiue 
distance from the cxpciimcntal (..igc. In sni.itl i|uan»ifHs of 
food, such as slices of a banana or an apple, aie pul into llu* l)o\, some 
animals will pull in the box as often as one hundred nines in onlei 
to obtain the food In most of the ti.lining evperimenK in whiih a 
cl/ilerentfal response im set up in the fields of visu;il, kin;ustlielic- 
tactile, acoustic, etc, IFahmehTHUfiff, two boxes uere pU'scntcd. In 
the experiments involving dillcicnccs in sl/c and shape in the visual 
field, the shapes used were cut from black, stiff ciudluirird and glued 
to the front sides of the boxes IJotli boxes wcic phicnl at the same 
distance, 150 cm, from the front of the cxpciimcntal cage. Strings 
were attached to the food boxes and placed witliin the UMtli of the 
animal The animal pulling in the concct box obtained the food ; in 
case the wrong box was pulled, no food was obtained, No other 
forms of punisliment were used. It is very easy to tr.iin ,i monicev 
not to pull the concct box aftci liaviiig pulled in tlic m long box. In 
every trial only one of the boxes was pulled in compietciv, 'f'lirec 
points must be kept in mind: (a) The boxes arc movable, {b) they 
are placed at considerable distance from the cage; (t) the slimiili aic 
attached to the boxes. “Dlstractlhlc’* as monkeys aie, tlie anininl 
may sometimes, without even looking at the objects, pull the wrong 
box for 20 or 30 cm. But then, suddenly attending to the stimuli, 
the correct box is pulled in. We found this technique supciior to 
techniques which necessitate locomotion of the animal itself tow aids 
the stimuli. 

In the experiments dealing with brightness-differences, the front 
sides of the food boxes as visible to the animal consisted of Ilcring's 
gray papers or colored papeis from the Milton Bradley Co. 

In the experiments dealing with stimuli differing in weight, boxes 
of the same size and appeaiancc wcie used. (On account of the dif¬ 
ferences in weight, there ate, of course, differences in fiiction.) To 
get the correct box in this case necessitates a “compaiison^* of the 
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l)o\cs; tliai IS, in ordci to cictcrrame which one of the two boxes is, 
foi instance, he.ivici, the monkey must pull both boxes eithei sunul- 
lanconsW oi successively. The pioccdure used by the monkeys ob- 
seivi’d sf) fai \\js tn displace both boxes svicccssivcly Thiough these 
successive displacements, heie icfcircd to as “compausons,’* the po¬ 
sition of the boxes fiequcntly changed only a few cciitimetcis out of 
a possible ISO cm* The boxes weic moved, for instance, only ovci a 
distance of 1 oi 2 cm. Aftci this initial compaitson, diuing which 
the animal frequently held the stung of one box In his right hand, and 
the stung of the othci box in his left hand, the monkey pulled in 
one of tlic boxes. 

The animals used the same pioccdiirc in then icactions to acoustic 
stimuli. In this case tlie monkey, by pulling the stung of the box, 
closed an clcctiic contact and sounded a buzzer built into tlie food 
lm\. Ill pulling the stung of the other box, a diftcicnt buzzei was 
sounded. 'Die kind of “compaiing bchavioi” found in the reactions to 
stimuli diffcnng in weight was also obscivcd heic. Sometimes the 
timmal “compaicd*’ 10 oi 12 times, that means it caused slight clis- 
[ihueinents of the boxes by successive pulls. In some instances tlie 
pulls weic suhicicnt foi closing the contact but not foi moving the 
box 'rids initial comparison was followed by the pulling-m of one 
of the boxes 

In some exiiciimcnts the fiont side of tlie food box consisted of a 
piece of opal glass behind which an electric lamp was built into the 
box It Wfis possible to inscit, fm instance, filters oi occlusion screens 
with variously shaped holes between the lamp and the glass 

In the pulhng-in technique dcsciihcd so fai, we have lefcried to 
two boxes It IS clear that the steps outlined undci the method of 
equivalent stimuli cMii he adlicicd to with two boxes as well as with 
thicc or foul boxes, etc , or with one box. It seems woitli while to 
describe the piocciUne used with one box 

T[IF Pur.LtNG-TO-STOP TECHNIQUE 

This modification of the pullirig-in technique has some definite ad- 
Vl^\lage^ In using one box we can do away with at least some of tlie 
tioublesome Lontiol expeiimcnts neccssaiy wliencvci two stimuli dif- 
fei ill UMtain icspects In picsenting one box the animal is tiaiiicd 
ritlu'i to pull in ihc box completely oi to slop after it has been pulled 
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over a certain distance, In most of oin ex|irrinK*nts, 

the stimulus object was placed at 300 tm distanio fioni ihe fiont of 
the expciimcntal cap;c. Aftc*i tile animal li.nl pul led llie oliject fnr 
150 cm.^ some clianj^c was intjoduud; the of the box in¬ 

creased or decreased or the fiont side of the box a'^suineil a diOiTi'iil 
color or presented an intcnnittcntly illuminated auM insiiMil of a 
Uationaiy light, etc. The animal was iiained lo stoji aftei sikIi a 
change had been introduced, In cntical trials changes diflrimt from 
those employed duiing training \^clc inttoduccd Trials in uhich 
the object was pulled in completely, iw, tuals in whieli no change 
was introduced, and ‘Vdling-to-stop” trials fnlbmed each olhei in 
chance order. 


OnjECTlVL Equivali ncl 

In the following we picsent some lesiilts obtained chiefly on ilti- 
caques (Java monkeys) by using the method of equivalent stimuli 
m connection with the pulling-in technique, It is n<it possihlo, m 
fact> U would rcquuc a special monograph, to give a dot.iiled desenp- 
tion of the various stimuli used and of the m«inv variations iiurO' 
(luced to determine whether or not a pair of critical stinmli must 
be considered as equivalent. It is not possible cither U> report in 
detail about the control experiments performed. Suppi>se a dillerni- 
tial response to two different bir///.er sounds lias been set up, the Ini/- 
scers being built into the boxes and reacted to hv the monkeys as 
described above. In such a ca^e control cxpciimenis must be per¬ 
formed to determine, for instance, whether or not the •iiiimal depeiuls 
on cues resulting fiom possible diffcicnccs in the optical appealance 
of the boxes, or on differences in vibrations transmitted tlirough tlie 
Strings, or on cues from the experimenter In all critical tilals the 
experimenter has been excluded. The results arc based on inoie than 
30,000 trials, about onc-thiid of them being critical trials, and on ^vo^k 
with 10 monkeys As indicated above, equivalent stimuli have been 
determined in various sense fields. Wc picsent some of tlic* results 
assuming that they demonstrate the value of the method advocated 
and believing that they arc of some significance for fonmilating 
furtlier problems in the field of nnimal bcliavioi A detaileil acLount 
of the experiments will be published later, 
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STiMUtl USED IN TRAINING RECTANGLES sSo I50SQ.CM 




FIGURE 1 


Fiffutc J. The stimuli used in triiining involved the “larger-than*^ 
reLition The monkeys were tiaiiicd to leact positively to the larger 
of two bl^ick rectangles. TJie aiea of the laiger one was 300 sq cm, 
(15x20 Lin.), the area of tlic smaller one 150 sq, cm. (10x15 cm ) 
llclow these rectangles Figure 1 shows the pans of ciitical stimuli 
found to be equivalent In icactmg to these stimuli, the ^'largcr- 
tlian" lel.ition was effective in the same sense as duiing training 
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5T(MUIIU5EDINT»A1NING RECrANGl£5 500 I25SQCM 



FIGURE 2 

Figure 2 Hcic two otlici animals wcic tiaincd to icact positively 
to the smaller of two black rectangles, the aieas being 125 sq. cm. 
and 500 sq. cm. Below this, the pairs of stimuli found to be ciiulv.'i- 
lent arc presented. 



iQi’ivvLiiXur 01 vuMun 15 

STIMULI USED IN TRAINING 









16 


lOUIlN'M <>l (■! M » llol’T'' 


STIMULI USED IN TRAINING 


LIGHT 


STATIOJMQY 

UGHT 




J 


FIGUIU: vi 

icspcct the concUtioiis wcie ihc .us duutiji; n iln‘\ dil- 

fcicnt 111 maiw othci icspects. It v^iW be tiei(ss,iiv td tl<M Ml)e ilus? 
(hftcicnces moic in detail In tlie Inlinwin^, nine pans ol (qniN.iIcnt 
stimuli aie desctibcil Fii^iiic I- slums as tin* Inst uiiiia! pan a ^iien 
cncle and a leil tnan^lc U'ho setond pan Lonsisinl nf a \('llnu iii- 
anp^le^^iHi icd “comcis” at the base and tuo small blue unles neai 
tbc *ipe\ 'ami a a yellow tiian^niai ''bnd\'’ wnli bbu 

and a icd ^‘hcad ” In ihe ibnd pan, in buib of ihe bnsis, the 
total aica of tlic opal glass tvitli ihc excepunn of the sipiaie in the 
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FIGURE 5 


ccntei was illuminated, but the Umfeld in one box was intermittent, 
while in the other, it was stationaiy In the fourth pan, the 10 
squaics of the one figuic wcie intcimittcnt, while in the othei figuie 
nine vSquaics were stationaiy and only one, the middle square in the 
lowei low, was iiiteimittcnt* In the fifth pan, the size of the squares 
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as used during tniming was reduced frnm S cm, 2 S crn. The- 
sixth pair shows the same pattcin as vised in the fourth pair and the 
green circle of the first pair, TIu* scvcnih pair u)nsisu<l of an orange 
cross and a white semicircle- In the eighth pair, one ho\ \sas with¬ 
out illumination while the other showed the s^^llh>nar^ ^ un, '^(lu.ire 
as used in training. The ninth paii consisted of .in orange ligurc and 
an irregular pattern of white spots. As indivated above, one of llu’ 
figures in these critical pairs alvvavs intrMnilient and ilie olhrr 
stationary. (Tins docs not hold for the fourth and the eighth pan 
as becomes evident from oui description ) Kach figuic, however, 
was intermittent in 50% of the triaU and stationary in of the 
trials, a chance order being worked out for presentation In ih(‘ 
reactions of the monkeys to the nine paiis of critical stimuli, the 
intermittent figure was positively reacted to no matter wIkU its si/e, 
shape, color, etc, In the fourth pair, the positive reaction was to the 
10 intermittent squares, in the cightli pair, to the box without liglil. 
Figure 5- Here only two monkeys were used Unth of them had 
been trained on the larger of two rectangles (cf. the data presented 
in Figure 1). "We intended to train one of the monkeys to leact 
positively to a circle when a circle and three sipiarcs were piesnucd .is 
indicated in the first row of Figure 5. Very niucli to onr sui prise, 
no training was necessary. Without any training tlic monkey ic- 
acted at once to the circle, its area, 144 sq. cm (and in some esperi- 
ments its height) being the same as the si/e (oi lieight) of the tlirec 
squares. Of course, this reaction is not cxpl.iinable by reference in 
the training on the laigcr of two icctangles. It was found in cipical 
trials that the same monkey reacted at once positively to a ytdlnw 
circle when confronted with one vcllow and thicc blue* Llrcle^ (second 
row of Figure 5) and to an orange circle wdicn one orange and three 
violet ciicles were presented (tliird row of Figure 5). This result 
was confiimed by the findings on the othei monkey which, wiilumt ,my 
training, reacted at once to a square wlicn exposed Mmultaneoiislv 
with three circles (fourth row of Figure 5), and to a blue sigmic wdicn 
presented at the same t!n:ie as three yellow squares (fifth row of 
Figure 5), and to a violet square when exposed simiiltaiicouslv With 
three orange squares (sixth row of Figure 5), and to a square consist¬ 
ing of Hering’s paper 42 when presented at the same time as liner 
squares consisting of Hcnng*s papci 10 (seventh low of Figui(‘ 5). 
Both monkeys had not been trained on Inlghtncss diffcicnees. It 
must be concluded that the sets of stimuli as shown on Figuic *5 aio 
equivalent. 



equivalence of stimuli 


19 


TABLE 1 

Showing RcAcrioNS to Stimuli Invoiving Brightness Differences 
SLimiili Used in Training Uenng’g Papers 

+ 

25 7 

Equivalent Stimuli 


25 15 
15. 7 
10 7 
30 .15 

Blue Yellow 


'Fable 7. fleie the “daifeei-than” relation was made efTective 
through training Numbeis 25 and 7 of Hering*s papers were used. 
The areas of the front sides of the boxes weie 11 S by 6 5 cm After 
the training on the darker paper, Number 25, had been completed 
the papers were leplaccd by othei pairs The table indicates the 
equivalent pans by giving the numbeis of the papers used The 
animals responded positively to the daiker papers in the diffeient 
critical paiis and to blue instead of yellow, the colored papers being 
the ^‘blue** and “yellow** of the Milton Biadley Co. 

TABLE 2 

Showing Reactions to Stimuli Differing in Weigh r 
Stimuli Uged in Training Weights 


+ "b 

+50g ISOg. +65g 155 k 

Equivalent Stimuli Equivalent Stimuli 


1350 150 



1126 465 


900 450 



801 165 




150 50 

761 520 




150 90 

86+ 625 



300 150 



155 60 


400 200 


761 

437 


600^300 





500 

100 




Table 2 Heic some animals were tiaincd on the heavier of two 
boxes The 450 -k box instead of the 150-g box was pulled in The 
boxes wcic gliding on a suifacc of caidboarcl. It is woith noting that 
at the end of I lie tuiining peiiod the animals did not “compare*^ the 
two boxes .inv longci in case the 450-g box, the correct box, was 
chanced upon fiist (^^absolute” feel) In view of this fact, it seems 
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remarkable that in the critical tnals alwjiys ihr hcaMri of the iwo 
boxes was chosciu In Table 2, the weights of the bc»\e> an* ni\tn in 
grams. Similar results were obl.mwtl i>» .mimaK trained jMVvltively 
on 465 g, as compaiccl 'svitli 165 g. A^mIh, in critical trials the 
hcavicr-than iclation was clTcctive in the same seiw* as tinrinir train¬ 
ing. 

In the auditoiy experiments, the amniaK were tiainnl on the 
louder o( two These two bti/,/ers did nor onlv dillei in 

loudness, to be sute, but also in othci lc^pcct‘., In tlie ^.rilieal tii.ds, 
vibrator horns, dooibells, and the "po^ttve" l)U//cr of the training 
expeiiments, along with a still loiuler lni//er, ^%crc ummI. 'I'he-^e 
three paiis of stimuli were found to he ciiiiivalent to the paii of 
buzzers employed in training, the monkeys gcncralh leaeling to ihe 
louder sound in each pair* 

The results so far picsented concern objective e(|iHV,iIcnce. Kiom 
an inspection of our figures and table'll it may now cusv to 
single out those aspects of the stimulus situation which have been 

effective in determining the responses of the animal Hut this can¬ 

not be done without considering the non-cqniv.ilcnc stiniub as found 
in our experiments, Referring to Figure 1, the ctuuhision sccim 
justified that the animal being confiontcd with rectangles of the 
same relative size as used during training wull alwMVs respond in 
tlie larger rectangle On the basis of the data given in 'r.ible I, wc 
may expect the animal always to react to the darker of two papers 
in case the biightness-rclation is the same as between IIering\ papeis 
25 and 7, This conclusion, howcvci, is not justified. 

Finding that an animal always leacts to the larger of tw*o black 

rectangles does not tell us Avlicthcr the animal reacts to tlie hn/jet 

or the litffhet of two rectangles, or to the larger of two l/liick icc- 
tanglcs, or to the larger of two black tectangles, etc. In other wxirds, 
we may find that the size relation docs not become eftcctive after 
changes in color, or shape, or even in absolute size, have been intro¬ 
duced, We must not forget that determining groups of equivalent 
and non-equivalent stimuli means nothing but sepaiating conditions 
under which a larger-tlian or brlghtcr-thnn or bcavlci-tlian oi loudci- 
than relation, etc, becomes effective, from conditions in which such 
relations do not become effective. Thus, our figures and tables meiely 
indicate the special conditions under wdiich objective cqiiividcnco lias 
been observed; however, analyzed in a ccitain way and considered 
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in connection with findings on iion-cquivalcnt stimuli, they are apt 
to thiQW some light on functional equivalence. 

Non-Equivalent Stimuli 

Let us considei some of the results concerning non-equivalent 
stimuli We present only a pait of the lesults in order to illustrate 
how such data may be utilized foi throwing light on functional 
equivalence We shall considei a pait of the lesults obtained with 
respect to size-differences in the visual field. 

Animals, after leacting to the smaller of two white squaies—the 
front sides of the boxes differing in size—^weie tested with respect to 
squares of the same coloi, size-difteience, etc But tliese squares, 
instead of constituting the fiont sides of the boxes, weie figures as 
shown in Figure 3. It was found tliat the animals had to be 
retrained. The squares of the figure-ground stimuli weie not eqiiiva- 
lent to squares w-ith the same characteristics leprcsenting the front 
sides of food boxes However, after the animals had been trained 
on tliese square figures, a number of figures as shown in Figure 3 
were found to be equivalent Again, replacing the square figures 
by holes of the same size behind which at a ceitain distance a white 
screen was placed (Katz^ Redukttonsschinn) seemed to represent a 
new situation, as judged by the fact that the animals had to be trained 
on these new stimuli. After the training, the size of the holes could 
be changed within certain limits without upsetting the iespouse to 
the objectively smallei hole, Again, the same squaies being patches 
of a ceitain brightness produced by illiimmatmg the rectangular, 
black, fiont sides of the boxes did not call forth a icsponse to the 
smaller of the two patches After such a response liad been estab¬ 
lished, it was not abolished by changing the coloi and size of the 
illuminated aicas 

We find, then, that squaies as objects (fiont sides of the boxes) 
aie not equivalent to the same squares as figure-ground stimuli oi 
to the same squares as holes in an occlusion scieen (the front sides 
of the boxc^) or to the same squares as illuminated areas on the front 
sides of the boxes 

We also know, considering fm instance the first of the cases 
icfeircd to—squaies .is ^^objects”—that intioducing ccitain changes 
in absolute and relative size and color, etc, means abolishing the 
icsponse to the smallcr-than relation (No data, howevei, ate in¬ 
cluded to illustrate this point ) 
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Briefly stated: Tiainiiiy; an ammal on the Mnallei ot lui\(s 
means, as the expciiments show, to incapacitate tlii‘ anmuil fdi a lari^e 
numbei of sinailcr-than situations and) at the same time, to rnalde 
It to respond to othei smaller-tliaii situation^ without .in\ training;. 
Expressed diftciently: Thcic arc tcitain cntiuil stimuli, the rmn- 
cquivalcnl stimuli, the cliaractciislics of wlikh make it inipo^Mhle for 
the animal to react to them in terms of the stimuli leacted to ihinii); 
training; there arc others, the equivalent stimuli, the charaiterisiu^ 
of which enable the animal to icspond to them in leiins of the tiam- 
Ing situation, The vciy fact of tunning implies of umisr, that ceilain 
aspects of the stimulus situation arc eflcctivc or tan he made ellective, 
otliciwisc tiainiiig would not be possible. But we do not know 
which of these aspects arc cftcctivc This infoimillion is setnuMl 
in the ciitical tiials Wc find that in the tnttcal trials the annual 
IS able to fall back on mechanisms hy means of whitli the tliaia^- 
tenstics, let us say, a, bj d, and / can be made mclTcctive in detcimin¬ 
ing the 1 espouse, while c, e, g, and h cannot 
The material presented in oui figures and tables, then, |uo\ns the 
existence of such mechanisms It docs not tell us about tile nahue 
of these mechanisms, nor how “natural’* it is for tlw animal to fall 
back on such mechanisms, Hut the following assumption niav h(‘ 
made: If wc find that only a vciy slioit tiaining pM»cess is n('((ss,nv 
for setting up a diftcrential lesponse and, then, find a l.iige ruimlior 
of different stimulus conditions reacted to by tlir animal in leiins of 
the tiaining situation, it is veiy likely that uc aic dealing with the 
workings of a basic-mcchanism 

Functional Equivali kci: 

On the basis of an analysis of gioiips of eipiivalent and non¬ 
equivalent stimuli in vaiious sense fields, wc shall in a vciy geneial 
way consider the equipment a Macaque lelics on in its reactions to 
external stimuli or, expressed diftciciitly, those aspects of the stimulus 
situation which are piimarily effective in determining behavior, 

We find that in vaiious sense fields ?elaltons between the stimuli 
must be considered primarily effective in determining the iespouse 
of the monkey. Changing some of the properties of tin* sinnuli 
radically does not necessarily change the icsponsc. '^J'o illusliato: 
A monkey continues reacting to the licavici of two objects allhough 
live rats seen and responded to by the animal—have been intHHluted 
as part of the weight. The i elation subsisting hctWTcn two 
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sounclb IS still eftectivc in the monkcy^s reactions to autonaatic vibiator 
horns as used in Foid cais Ceitam differences in the visual field 
based, e. g., on the relation between different biightncsses arc effective 
even m the presence of stimuli whicli do not involve diffeiences in 
hiightncss but in shape The relation involved in the change from 
a stationaiy to an intermittent light is effective even in the change 
fiom a stationary to a blue oi icd light. 

We have stressed the impoitance of relations as determinants of 
monkey behavior but liave not characteu^ed them in teims of psycho¬ 
logical functions It is obviously not possible to expicss these 
relations in objective teims^ though it is possible to dcsciibc tliem 
by reference to objective material Having lecognr^cd the impos¬ 
sibility of desciibing relations “objectively” does not help us in 
attempting to cliaiactciize them “psychologically” In the following 
example we shall be content with showing the inadequacy of defining 
mechanisms “objectively” 

Let us consider the largei-than relation “Laiger-than” is a 
relation between objective stimuli and docs not imply anything func¬ 
tional The “larger-than” relation on the objective side is not 
paralleled by a “lespondmg-to-thc-laiger-one'' mechanism on the 
functional side, since the mechanism involved m responses to the 
largci-than ielation is, as expeiimcnts show, also operative in situ¬ 
ations in which the animal, after picviously having always lespotided 
to the laigcr object, suddenly responds to the smaller of two stimuli 
To speak hcie of an “optical illusion” does not explain anything, m 
fact, it is not even a clear statement of the pioblem. We aie not 
justified in intioducing at this point a new mechanism, but must 
assume that the same mechanism opeiativc in the leactions to the 
largci object is also functioning in the responses to the smallei ob¬ 
ject We are justified in making this assumption on account of the 
consistency in the animal’s icsponses Not to commit ourselves, tlic 
psychological mechanism opeiative in the lesponses to the largei as 
well as to the smaller of two stimuli may be called a 

Dealing with monkeys, howevci, it seems far moie promising to 
chaiacteiize this mechanism not as a, but in teims of ^ phenomeno¬ 
logical analysis We may find, foi instance, tliat the difteicnt 
stimulus configinations, the configuiation m wliicli tlic reactions to 
the sm.illci object, and the conhguiation in which the icsoonscs to 
the laigei object occuned in a consistent mannei, involve phenomen¬ 
ally the aspect foi the expenmenter Wc do not emphasize 
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the necessity of such a subjective anaU^is hut the impf^-^ibiluy nf 
findiiig an **objective** general deiuimintitdi for the sUiiiiilii* situ¬ 
ations in which consistency in the resjuMiM's of tlic .iniinal is oh a r\ccl, 
and the inadequacy inherent in the formulation of an a as a psvilui- 
logical fiinctiojii Still tiic formulation of a-fuiictioii'^f eU'.p is a step 
beyond the findings on objective cquivalciue, 

We have emphasized the iinpoilance the rclaimiKil aspects in tlie 
stimulus situ«ntion have in (Ictcmiining the behavior of the iiionlv<y, 
At the same time, it would be quite wrong to assume that the animal, 
iindei the stiessof certain objective relations is, as it vveie, inuliiirnt- 
ally foned to act in a given wav. On the contrary, one gels the 
impiession that a Macaque handles relations in an aiitoihthonoiis 
manner As has been shown icccnlly, even a bee ni.iv respond u'la- 
tlonally m ease the stimulus material on whicli a given rel.uion is 
based uiideigocs pronounced changes, To appicciarc the relation.il 
reactions of monkeys, three points must lie coibidcrcfl: (r/) The 
changes introduced in our experiments duiing the (iitical tiLils arc 
above the threshold; that the monkey is able to ihsihufuish lirtuceii 
the critical stimuli and the stimuli used during training is piovcd 
partly by control experiments and paitly by the expciimenliil litcia- 
tuie available, [b) It h evident from tlic behiivior of the monkey 
during the critical tiials that the change^ intioduced ate fM*(|U(uitIv 
noticed, that means that a monkey reacts rclationally in spile of the 
fact that the differences between two sets of stimuli are well .iliovc 
the threshold or arc attended to without any li.lining (r) 'I'lic 
very fact that the animal works undci contiollcd conditions obwiiK*-. 
the ‘‘fragility’* of relational reactions in monkeys, '‘I'o ilhisiiale* 
In ease the cKperimenter is not excluded dvuing the critical trials, we 
may find that the iclational reactions arc abandoned in favor of 
reactions to the “heels** of the cxpcritiicntcr. The evpcnmcntei, 
after having placed the stimuli bcfoic the cage, may walk awa\ in 
a certain direction, for instance, to the left or to the light Tins may 
detemine the responses of the animal. The cxpciiincntcr being ex¬ 
cluded, It seems, indeed, the most “intelligent** thing to fall back 
on the stimuh and react to them in tciius of the training situation, U 
IS not contradictoiv to call relational mccliani^^ms bmc and fia//ile 
at the same time The case with which a basic mechanism ni.u' he 
tlirown out of gear, in other woids, its fragility, must be cnnsidcied 
as important for the analysis of behavior as the existence of the 
mechanism itself. 
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Tlie three points just discussed make it sufficiently clear that a 
monkey is not foiced to act relationally under the stress of ceitain 
objective iclations and that the fragility of junctions is as impoiinni 
a problem as iheir basic charactei 
At tins point the fact must be lecorded that in many instances 
the absolute piopetties of the stimuli, instead of the relations sub¬ 
sisting between them, aie the chief determinants of the bchavioi of 
the monkey* In fact, the behavior of our subjects under vaiious 
conditions is adequately pictured by assuming a continuum at the 
one end of which the iclations between stimuli, and at the othei end 
of which the piopeitics of the stimuli are prirnanly effective In 
foimulating expciimental problems, some significance should be at- 
tached tb the fact that the influence of "relations” combines in many 
ways witli the influence of "absolute properties ” 

It becomes apparent fiom our discussion of functional equivalence 
that m this paper we have not endeavored to chaiacteiize in a con¬ 
crete fashion the psychological mechanisms in the different sense 
fields investigated We have merely tried to bring out some general 
points concerning functional equivalence in Macaques when reacting 
to stimuli in the Wahrnehmvngsfeld 
In closing, some remarks on the advantages of the piilling-in 
technique may be added. 13y this technique it is easy to obtain data 
on equivalent stimuli in almost all sense fields as well as data on 
problems of scnsoiy disciimination The technique is equally ap¬ 
plicable to the study of affective responses and drives It may be 
used In the study of a number of special problems in the field of 
perception We have, foi instance, collected some data on the piob- 
lems of appioximate constancy of color and size in the visual field, 
and on similai problems in othei sense fields. It seems to be the 
method par excellence for the study of choice reactions We have 
been pnmaiily interested in the piocesscs of choice underlying re¬ 
actions to stimuli differing in weight It is possible, foi instance, to 
measure exactly the time relations involved in the successive com¬ 
parisons of the boxes and to deteimine the position of the boxes at 
vaiioiis time points during the piocess of comparing The analysis 
of tlic kymograph lecoids obtained in such a way is apt to thiow 
light on pioblcms of relational thinking 
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L^EQUIVALENCE DES STIMULI DANS Lh COMl'OlU KMLN F 
DES SINGES 
(R69iini6) 

1) On essaie de determiner cxpcnmctitnkmcnt (lucluiic'i-ijus den inuan- 
ismcs fondaruentaux qui ae trouvent dans les r6acUoin (Ics sihkch (Mrtcaiiiics) 
aux stimuli dans les did^rcnts champs dcs ^cns. 

2) On deent la “methodc den slimuli uiuivnlcliH.'’ I 0 poihl depart 
cst unc response di(!6rentjcllc h line H6ric de stiimili (Elape 1), Dpus lea 
6prciivcs "cnliquea^^ ccs slimiili aonl rcinplacfis par (lea senes de imnvcaux 
stitniilir De telle fagon, dcs groiipcs de stimuli sunt ddtGriuincs IcsqucN, )iif^6a 
par la response de I’aniinal, aont ou c<|uivQlcnis on jion-c(|uivnlentH mix 
stimuli employes (Inns Fcntrniiicmcnt (Etnpc 2, IVquiv jIciiu' uhjuti^'r). 
Jusqii'^ ici, on pent considcrcr la mclhodc coinmc urn iniKiiiirminn de In 
methode employee par Kohler dans son travail siir Strutiur^lunkiwnen, 
On analyse les groiipcs dca stimuli Equivalents ct non Eqiiis nlents pour 
determiner tes caracterisii(|ucs dcs stimuli qui ctplniuent rcquiv.diiK i 
trouvee cxpEnincntnlemciu (Etnpc 3; I'^iuiv.'lienee janciwunrllf) 

3) On consitkic les avnntngca do (tuclqiicB-iineH des ttilinnim's dE- 
vcloppEes par Fauteur pendant lea deriiiers niiH rEcciils pour hch expcnemcH 
avec jos singes 

4) les resiiltats, siirtoiit cciix sur I'cqiiivnlcncc objcclue cn taiil qiFils 
sont lappoTt^s, montrent \a valcur tic la mcdimlc rccommaiidEe cl 

d^autres problcmea pour rcxpEiimcntalion Ccs rEsulinis sont liiisis sur 
rexpEnmenlation avec^dix singes et sur plus de troiitc niillc optcuvcH Dans 
les rEsultats ci-inclua il s’ngit dcs cdcla de I'cntraiiiemciit sui dts stimuli 
diffErant en grandeur, cn forme* ou cn clnrle (champ visucl), cii poids 
ou cn lEUcnaite, Dans qiiclqucs experiences on a lendii ellitli^e Li difki- 
ence entre ime lumiErc immobile et unc lumicre lUonlrE pin uilervallcs, 
Probablemcnt pour la premiErc fois, on a entmine flyHleiiialhpn'imuit les 
Macaques sur les dilfcrences dans Ic champ kincstheti(|iic-tn< (ile el Ic (haiiip 
acoustiquc On presente des groiipes de situations Equivalenles de stimuli 
dans les differenta champs des sens Leiir analyse jciic rpichpic himicre 
aur la nature dcs fonctions a la base dcs reactions des Mnoaqiies aii\ ‘•uimdi 
sensoriels, 

5) On appuic sur Eimportancc tie In methode pour les prolileriiis de I a 
pensee relation'* 

K\ (IVPK 
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DIE AQUIVALENZ VON REIZEN IM VERHALTEN VON AFFEN 

(Referat) 

1) In (ler vorliegendcn Unteraiichung wird dcr Vcrguch gemacht, cinige 
der Gnindfunktionen, die in den Reaktionen niedcrer Affen (Macqquea) 
nuf Reize in verschiedenen Wahrnelimungsgebicten wirkaam siiid, expcn- 
mentell zu bestiramcn 

2) Es folgt ei/ie Darstellung dcr in dieser Unlersuchung bcniitrten 
Metbode dei aquivalertcn Reizkonsteliationen (a) AIs Aiisgangspunkt 
wahit man eine Rci/konstellation, die eine UnlcischeidungareakLion des 
Tierea hcrvorbringt [b) In “kntiaclien" Verauclien eraetzt man dicsc 
Rcizkon&tcllation systematiach durch eine Reilic anderei Rcizkonstellationen 
Man kann dann nus den Reaktionen des Tieree ersehen> ob eine neue 
Rcizkonstellation dcr Keizkonstelintion, aiif die das Tier wahrend der 
Drcsaur difFcrentiell rcagierte, aquivaicnt ist oder nicht objektivc Aquiva- 
ienz In gewisser Hmsicht ist die Methode der aquivalemen RetzkonsteHa- 
tionen cine Modlfikaticn der von Kohler in seiner Untersuchung iiber 
Strukturfiinktionen beim Schimpanscn und beim Haushuhn beschriebenen 
Methode Im Gegensatz zu Kohler lassen sich freilich die in der vorhegen- 
den Untcisuchung bemitzten Rcizkonstellationen meistcns nicht auf Reihen 
elnes einzigen konstanten Verlaufsprinzips reduzicren (c) In einer Ana¬ 
lyse der aiif diese Weise festgestellten Gruppen aquivalenter und nichtaqui- 
Icnter Rcize wird versucht, die)cnigcn Momente der Rcizkonstellation her- 
aiiBZHPnalysieren, die fur das Verhalten des Tieres domimerend sind und 
somit die experimentell ermittclte (objektive) Aquiyalcnz veistandlich 
machen {funklionclle Aquivalenz) 

3) Einige apezieile Methoden, die der Verfasser fur seine experimen’* 
tellcn Unterauchungen mit niedcren AfFen ausgcarbcitct hat und die sich im 
Laiife der letzten Jahre glanzend bewahrt haben» werden beachneben 

4) Es folgt die Darstellung ciner ganzen Reihe objektiv aquivnlcnter 
Rcizkonstellationen in verschiedenen Wahrnehmungsgebieten, Die mitgeteil- 
ten Resultatc illustncren nicht niir den Wert der Methode der dqinvalenten 
Reizkonstellationen, sondern fulircn auch zu neuen expenmentellcn Frage- 
steliungen In der vorhegenden Untersiichnng wurden die Wahlrcaktioncn 
von 10 niederen Affen in mehr als 30000 Dressurwahlen und kntischen 
Wahlen festgcstellt Die Affen warden mit Erfolg aiif Grosaen- und Hellig- 
keitsiinterhchiede sowlc auf intcrmittierende Lichtreize (verglichen mit 
stationaren Reizen) drcssiert Wohl zum ersten Mnl wurden die Reaktionen 
von Macaques auf akustischc und Gewichtsdiffcrcnzen systematiscb unter- 
sucht In einer Analyse der aqinvalenten Reizkonstellationen werden die 
m dem Verhalten der Affen wirksamcn Grimdfnnktionen psychologisch 
naher bestimmt 

5) Verfasser wcist auf die Bedeiitung der von ihm erlangten Resultate 
fur das Problem des Relationsdenkena hm 


Kluvcr 



THE RELATIVE EFFICIENCY OF DISTRIUUTEIJ AND 
MASSED PRACTICE IN MAZE LKARNINfi HY 
YOUNG AND ADULT ALIIINO UAT,S*‘ 

From the Psycholofjical Labot atones of St an font VnivrriUy 


Barbara Anni: MAvrn and CArviN l\ SroNi 


The relative incuts of various temporal intervals liavt* been a^M‘^scil 
in expeiimcnts on tlic distribution of practice in animal leaimnK. As 
Cook (2) lias aptlv pointed out, however, 'S)nc finds several com¬ 
plicating factors that make It impossible to say with am thin;; like 
positive assurance what particular tcmpoial an ay of practice is 
preferable even in a given type of problem. Such factors ,is a^e, 
the type of subjects used, difficulty of the problem, primaly or 
terminal massing, length of interval between successive periods of 
the training scries, the number of iccordb on ^\hich one nuy f.nrly 
base general conclusions, and the ciitcria of learning emploM'd h.ive 
an important bearing on the main problem,'^ Having ariivcd in¬ 
dependently at opinions similar to those of Cook, we foriniilatod the 
present experiment foi the specific purpose of dcteunining Mdietbcr 
age oi subjects might have a dccitiuig innucncc on the geiieinl results 
derived from spaced and massed practice. The very ffict that 30 ung 
lats are more easily motivated to pcrloim on mazes accouiing to llicir 
full knowledge of the pathway than arc well nouiisiicd aJult ‘1 is 
the basis for a woiking hypothesis that diffcicnccs heretofore ir- 
ported on the temporal influence of practice may be c«uisally iclutrd 
to differences in motivation afforded by the expenmental sitvuUions 
of massed and distributed trials. 

In this report we shall be concerned witli data amassed by giving 
different young and adult groups of rats 1, 3, 5, and 10 trials per 

^Received m the Editorial Oflicc, May 8, 1930 

part of the expense incurred m this experiment was mel from n 
financial grant by the Carnegie Corporation, contributed for n siudy of the 
age factor in learning (Stone 6, 7). We giatcfiilly acknowledge the in¬ 
valuable aid of two Research Aasntanta, Mildred Burlingoinc and Thcoiloic 
C, Ruth, who trained aniwial groups Oy A^ I;, J) Each of these nsustniUH, by 
virtue of much experience with the instriiinems and tcdinujue dcflrnlii-d in 
this paper, was thoroughly competent to prcscive the cNscniiu] cleincniH of 
experimental method prescribed and followed by the authors, llic experi¬ 
mental data were gathered during 1927-1928 
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clay on a multiplc-T maze of 12 choices until each individual has 
run a total of 30 trials. 

Animals 

The albino lats weie reaied m the psychological laboratory of 
Stanford University, and prior to the inception of this experiment 
had been maintained in a state of high nutrition Table 1 gives the 
gioup designations, number of each sex, and tlie ages when maze 
training was given. To aid the reader in recalling the groups, wc 
have used small letters to designate the young and capital letters 
to designate the adults Since sex differences have not been demon- 
stiablc in oin laboratory in very young animals or in adults subjected 
to rigorous tiaining conditions, wc did not attempt to secuie absolute 
numerical equality of the males and females. Ages of the younger 
groups varied from 26 to 30 days at the outset of then maze ex¬ 
pel iments. Ages of the adult groups are diffcient, as indicated in 
Table 1, but all fall within that range wherein little if any account 
of the age factor m learning must be taken (Stone 6, 7). 

Technique 

1. Maze, The multiple-T maze employed in this expeiimcnt 

TABLE 1 

Animal Groups Tabulated as to Distridution or Practice, Sfx, and 
Aces While on the Maze Expi-riment 


Group 

Tnnla 
per day 

No 

M 

of animals 

F T 

Ages while on ma/e 

a 

1 

22 

25 

47 

31-60 

A 

1 

8 

9 

17 

456-485 

h 

3 

26 

14 

40 

25-3+ (jV=H) 
30-39 (Af=29) 

n 

3 

1+ 

19 

31 

297-306 

c 

5 

14 

IS 

29 

26-31 

C 

5 

16 

7 

23 

220-225 

d 

10 

15 

16 

31 

26-28 


has been described as to form and reliability of scores by Stone and 
N 5 ^swandcr (8) Following the piactice stated in that earlici paper, 
wc waslied the Hooi of the maze daily while experiments were m 
progress in ordei to minimize the accumulation of differential odois 
along the tiuc pathway and blind alleys Theic icmains, however, 
tlie possibility of odois accumulating on the walls of the maze, hut 
whetliei they scive as diffeiential cues for the guidance of the lat 
ib not known Howcvei this may be, if they leally serve the rat in 






30 


JOURNAL OF CBNLTfC p^VCUOl 0(rV 


maze learning, it seems probable that all iirispe^Uve of ;lvs- 

tnbution of practice, were given ample upporluniiv foi ihrir use. 

2 Prehmhimy Tr^ittntff, When young as wcW as .nhih rals 
have had little or no handling prior to a nia/e expel iment they niav 
become so startled fiom time to time by minoi sounds or movements 
of the expenmentcr that they remain motiniilcss fnt as mui It as live 
or ten minutes before continuing toward the goal 'I'o ohvUte this 
handicap, young Groups d and h and adult liroup^^ Jt IK and (u 
were given prclimiiiniy tiaining of five tiiiiK, one per da\, on a simple 
platform bov (Stone, 6, 7), The vciv voting (iioups c and J Mere 
not given this preliminary training on the platform box', 'Fheii con¬ 
ditioning consisted of daily h«uiclling by the cvpcrimentci, transference 
from cage to cage m tlic maze room, anil of a fcM^ mmmes feeding 
in the goal box on each of the five days prior to the licginnuifx of 
maze training. To the cxpcrimcntcis it seemed dial lliis liandling 
of the very young might be roughly equivalent in value to that of 
five trials on the platfoim hox and somewhat better suited to the 
animals of 21 days, since some of them arc quite inactive foi a tilal 
or two when placed in problem boxes, and thus are iinsuited in (hat 
type of conditioning for mav.e experiments, Evulcnte that Cnoups 
c and d suffered no particular handicap is given by ihcir initial tiials 
on the maze. 

3, Weight Rednclion as an Aid to Couitol of Mofivaiwu "^Die 
young animals of Groups a and b wcic given tlicir preliminary tiain- 
ing on the problem box without weight reduction beyond that 
incurred by a 24diour fast, Their rate of gain wdiilc on the in.e/e 
was approximately IJ /2 grams daily except during the first tliiee or 
four days, when the gain was about 1 gram per dav. Young (Iioups 
c and d began their maze trials after a 24-liour fast and gained ap¬ 
proximately 1 gram per day during their short periods of training 
The adult groups were subjected to a more ligorous regime of 
fasting before their initial training on the maze in oulcr that the 
greatest possible degree of responsiveness to food motivation wliilc 
in training might be obtained During the Irwo weeks preceding 
their preliminary training these animals were reduced in rveight bv 
approximately 20% to 30% of their normal colony wciglit (e g., an 
adult male weighing 350 grams or a female rveighing 180 grams was 
reduced to approximately 280 or 144 grams, respectively). While 
on the maze their weights declined at the rate of ^ to I gram dnilv. 
Our records show that the total loss for the 3- ami S-liial gioups 
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was slightly less than that of the l-tnal group, but that their daily 
deprivation was no less severe during the relatively short time they 
were in training. Under this condition of weight reduction and 
control It has been found that adult animals are veiy alert and pci- 
sistent in pioblcm solving even on the initial tiials. They, like the 
young growing animals, are highly motivated fiom the beginning to 
the end of a maze cxpeiiment 

4 Intervals Between Individual and Daily Gioups of Tnals 
Animals leceiving moie than one tual daily were allowed an interval 
of 20 minutes between tiials Prelimmaiy tests of this method led 
us to believe that it minimizes chance scores arising fioin temper¬ 
amental factois and the occasional exploratory tendencies ciopping 
out in animals lequired to complete several trials in close succession, 
By running groups of 4 to 8 animals in lotation the experimenter's 
time was conserved 

Those who Would compare our results with results of other experi¬ 
menters on this geneial pioblem should observe that the introduction 
of a standard interval of 20 minutes between trials entails a note¬ 
worthy variation (^) in the total span of time between the first and 
last trial of each day's quota and {h) between the last of one and the 
first of the next day's trials To be specific, an animal of the 3-trial 
group required slightly more than 1 hour from the beginning of tlie 
first to the end of the third trial, the 5-trial animals required about 
4 hours on the first day and 2 hours daily thereafter, and the 10-tiial 
animals completed their first day’s quota m 7 houis and the second 
and thiid day’s quota m 3J4 hours All groups were given their 
initial dady trial between the hours of 8 and 9 A ivt Accordingly, 
there was a variable length of interval between the last trial of one 
day and the first tiial of the next For the group receiving 1 tiial 
pei day this inteival was 24 hours; foi the 3-trmlers, it was approxi¬ 
mately 23 hours, foi the 5-trialcrs, appioximately 20 hours fiom the 
first to the second day and 22 hours theicafter; for the 10-tiialers, 
It was 17 houis aftei the fiist day and 21J/^ houis after the second 
A iigid expeiimental program should not embody vaiiables of the 
foiegoing nature m an expeiiment of this kind. Yet, from a practical 
point of view, they or others entailed bv then elnmnatiou appear to be 
inheient elements of the expenment itself To illustrate, attention 
IS directed to the fact that by increasing the numbci of tiials per day, 
one inevitably inc 10,1 scs the temporal span between the fiisl and last 
trial of any day’s quota, he also places tlic bicak between last and 
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first trill of successive days at diltoront pomU nf i\w liMnunjr 
and, finally, urlesb lie introduces a Viiiiation in thr inlet wd bi-iu ecn 
last and fist tiials, the lumi of the day at uhith oiu the /irsL 
trial is progressively shifted forward, Altlioiigh slufucijL; the hont .it 
which the initial daily tiial comes chmmatcs the vanahlc LLMupoial 
interval between initial daily tii.ds, this very airreainii introduces 
the new vaiiable of lunninR ililfoTcnt groiip> .it diftcrent hours of 
the day. 

It IS the authors' belief that the afoi emeu tinned teclinual \au- 
ations aic of little potency in d etc mini inji; learning suxrs of lugldy 
motivated animals and, moreover, cannot be detected si.iiisUlmIIv in 
groups of 20 to 30 individuals Yet it must Iw empluiliCiillv slated 
that this is only «in opinion and not an cxiierimcntally .ittrsted fad. 
Hence, in comparing the findings in this study with tliose of picvimis 
workers, one must not overlook the v.iriations in conditions to uliiili 
we have called attention. 

5. Measwes of Lemiunj Comparison of group pei l<n inancis 
have been made on the following bases, 
a Ejr^rs committed Two types of crrois were iCLOidrd, Ki- 
rors of the Arst order (A'l) wcic listed if an animal entned a blind 
alley with two-t)iiids or moie of its bodv while moving from mlitinu* 
to goal Errois of the second ordci (/ij) consisted of ul^aL^lu^ on 
the true path or entrance into blind alleys while jii animal uas ref in n- 
itig to the starting box. But one error was recocilod (oi a cnuiinuous 
retracing on the true pathway, iiiespcctiVc of the number nf units 
traversed. 

b Trials (o learn, Two criteria of mastery have been used, 
The first, very lenient, consists of the luimbei of tiials icipiired to 
make three consecutive runs with a totiil of 3 oi less ciiors, 'Hie 
second, moderately sevcie, required an animal to icacli the st.iiulnrd 
of 1 or less errors in 4 consecutive tiiiils. Since cnois nf the second 
order dij^nppear almost altogether during the early tiials, the fore¬ 
going criteria were based wholly upon errors of the first type (K\). 

c Perceniaffe of etrorless trials, The pcrccntngc of c.ich group 
making errorless scores for Trials 1 to 30 has been t.ibiilatcd and 
graphically illustrated, 

d. Relative r/fj^'n//;y of alleys. Group compaiisons of the reh 
ativc difficulty of alleys dvuitvg the first, sccoml, and last third of the 
training senes have been made. 

f. Tiwf. Group comparisons arc based upon the mean times 
for each of the 30 tnals 
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tabu: 4 

RELIADIUTY of DirrERCNCCa DETWLEN MEANi AND Stasdarij inVIAIlOSS ov 
THE DlSTRinUTlON OF ERROR SlOKLS (Et) ON ThIAI S 16-30 


Groups 

Means 

Difference 

m 

PI 

d0 

Scanilar.l (kvi-itii.iiH 
».j7 

Difrcrtntc Pi 

a 

vs, 

b 

5 66 

4.76 

0 66 

0 79 

a 

vs 

c 

2 02 

1 29 

1 90 

1 /I 

a 

vs 

d 

251 

1 56 

2 70 

2 37 

h 

vs. 

c 

3.64 

2 33 

2 56 

2 33 

b 

vs 

d 

3.15 

196 

3 36 

2 95 

c 

vs. 

d 

0 49 

0 26 

0.80 

0 60 

A 

vs. 

B 

8.12 

3 16 

9 91 

5 51 

A 

vs 

c 

13 44 

5.44 

5 9» 

] \2 

B 

vs 

c 

5 32 

1 79 

3 93 

1 S9 

a 

vs 

A 

3,74 

2.28 

0 07 

0 06 

a 

vs. 

B 

4 38 

1 $S 

9 84 

6 07 

a 

vs 

c 

9.70 

4 39 

591 

3 79 

b 

V8 

A 

1.92 

1 17 

0 59 

0 SI 

h 

vs. 

B 

10.04 

431 

10 SO 

6 S2 

h 

vs. 

C 

15 36 

6 95 

6 57 

121 

c 

vs. 

A 

1.72 

0 90 

1,97 

1 15 

c 

'VB 

B 

640 

2 76 

7 94 

4 49 

c 

vs 

C 

11.72 

4.84 

4 01 

235 

d 

vs 

A 

123 

0 63 

2 77 

2 01 

d 

v*5 

B 

6 89 

2 69 

7 14 

3 99 

d 

vs. 

C 

12 21 

4 96 

3 21 

1 84 


errors for Trials 1-15 and Trials 16-30, In Tables 3 «itu1 4 will l)c 


found the values of 


Dtff. 


PM. 


by means of which the statistical sij^- 


diff. 


nificance of differences in means and standard deviations inav he 
estimated. For the purpose of this paper we shall considei a j*itio 

of-which equals 3 as being suggestive and a ratio of 5 oi 


PM, 




more as indicative of statistical significance. 

Contrasting, first, means of the young groups on Trials 1-15, we 
find a difference between the 1-trial and the 5-tnaI group that is 
statistically significant and in favor of the 1-tiial gioiip Tlu* <lif- 
ference between the means of the 3- and the 5-tnal gimips is sugges¬ 
tive of statistical significance. Other differences aic too small to he 
suggestive of statistical significance. As to staiulaid deviations, the 
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diffciences between the 1-trial and the 5- and the 10-trial groups arc 
significant and in favoi of the foimcr That of the 3-trial gioup is 
also smaller than the 5- and the 10-trial groups, but in tins case the 
difference is only suggestive of significance. By inspection of the law 
data of tlicse vaiious groups, we learn that the bases foi the foregoing 
differences were laid in the first 8 tiials of the learning sciics 

In Tiials 16-30 a icmaikable shift in difference of means occuis. 
The 1-trial gioup now becomes the infeuoi and the 3-triaL the su- 
peuor group All differences are relatively small, however, and only 
in the case of the 3- and the 1-trial gioups are the differences sug¬ 
gestive of statistical significance. None of the diffciences between 
standard deviations for Tuals 16-30 arc suggestive of statistical sig¬ 
nificance, 

Consideiing next the adult gioups, we find that the difference 
between means of the 1- and the 3-tiial gioups for Trials 1-15 is 
suggestive of statistical significance and the diffeicnce between the 
1- and the 5-trial groups is statistically significant The diffeience 
between means of the 3- and the 5-tiial groups is negligible Also 
diffciences between standaid deviations aie insignificant For Tiials 
16-30, the differences between means noted foi the first half of the 
learning senes still hold and the relative standing of groups icmains 
the same For this segment the standard deviation of the 1-trial 
group IS significantly less than that of the 3-trial group. The 1- and 
5-trial groups have a diffeience that is suggestive of statistical sig¬ 
nificance 

Geneialiy speaking, the young are superior to the adults as to mean 
ciror scoics on Tiials 1-15 Although the diffeience between the 
young and the adult 1-trial gioups is only suggestive of statistical 
significance, those between the young 1- and the adult 3- and 5-trial 
groups aie ceitainly statistically significant. The young 3-trial group 
is significantly bettei than cither the adult 3- or 5-timl group The 
young 5-tiial gioup is neither significantly pooler nor bettei than 
eithci the adult 1- oi the 3-trial gioups, but between it and the 5-tiial 
adults the differences are suggestive of statistical significance The 
young 10-trial group has a mean that is approximately equal to that 
of the 1-trial adults, but significantly smaller than that of the adult 
3- and adult 5-tnal gioups As to standard deviations on Tiials 1-15, 
only the diffciences in this lespect between the \oiing 1-tiial and 
adult 3- and 5-tnal gioups aic statistically significant Diffeicnccs 
between stand aid deviations of the young and adult 1-trial gioups, 
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the young and adult 3-trial gr(>ui)<;, aiul the vouiig ,1- and the iulult 
5-trial groups, atui the young 5- and tlie .iilull l-tri.d gioups arc 
suggestive of statistical signifit.uice (Itlicr diffcrcmts aic not sug- 
gcstlve of statistical significance. 

On Trials 16-30, the siipcrioiity of iiic.m-crror semes of ymiiig 
over adults is not consistently found and where |lu^L•nl is U-s leliuhle 
than that found in the fust 15 tiials. Differenu-, hrtwmi the mean 
of the young I-trial gioup and those of the adult 1-, 3-, and ‘>-iiial 
groups are small and only in the latter c;m suggestive of st.iiisticrd 
significance. The difference between means of the toiing and .idiill 
3-triai groups is suggestive of significance and th.it helttcen the jming 
3- and adult 5-trial gioups is slatiMieally signiric.int. Likewise, the 
difference between tlic young 10- and the adult S-trlal groups is 
suggestive of statistical significance. With the cueptitiii of the adult 
l-trial group, the young groups tend to be somewhat le-s vaiialile 
than the adults in the last 15 trials. 



FIGURE 1 

Mean Number or Errors of Type I [Ki) Maop luh Cikoups oi- 
VOUNG AND AdUIT ANIMAIS 


2. Error Curves. Figure 1 graphicjilly illustrates the avcMage 
number of errors (Fi) made by yoviJig ami adult groups in llicir 
daily trials. From the graphs it is appaicnt that all pcrforin.mces of 
the young arc very similar or identical aftei the first 5 or 10 tiials. 
In these trials, the order of superiority, as infciied from tlic giaplis, 
is as folloivs: l-tnal, 3-trial, 10-trial, and 5-iii.d, Ikyoiu! the tcnih 
trial overlapping and crossing of cuivcs aie the outstanding fc.iuiics, 
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only a shglit and inconsistent superiority of the 3-tnal group may be 
discerned. 

Of the adults, tlie 1-trial group is consistently better than the 
otheis, and the 3-tnaI, in turn, is better than the 5-tiial gioup. With 
the curves of the young groups, the 1-trial group of adults alone 
compares favoiably at any stage of the learning series All tlie young 
and the 1-trial adults at the tenth tiial have reached a level similar 
to that on the twentieth tiial leachcd by the 3- and 5-trial adults. 
As we have previously shown in connection with Table 2, these dif- 
feiences are statistically significant Hence, beyond doubt, concen- 
tiation of tiials has pioduced in this experiment a difterent effect 
on the progiess of maze mastery in adults as compared with young 
animals trained immediately aftei the weaning age What the funda¬ 
mental cause of this difteicncc m«ay be, if other expeiiments confirm 
It, is probably a veiy iiiteicsting and important fact for animal psy¬ 
chology 



FIGURE 2 

Mean Number of Errors of Type 2 [ En ) Madp by the Groups of 
Young and Adult Animals 


Figiiic 2 giaphically lepicseiits the letracing errois (A' 2 ). Sptircitv 
of ciiors of this type led us to base the curves on averages for 5-trial 
segments As the graphs show, conccntiation of piactice beyond 1 
tiial pci day gives use to an increase of retiacing (.^ 2 )* 
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In this connectioiij retracing is ot special interest bcCiUlsc it is 
usually associated witli a iieaeptiblc increase in the nviiuher oi foi- 
M^rd-goingerrors (£i)* -that is to sayp each tune ati aniiiuil ictraccs, 
it has an additional oppoitimity to make an error nl the first 4pe 
as compared with an animal that makes no fonvard-goiiig crior or 
an animal that conects its crior nml thereafter proceeds (ijiectly for^ 
ward on the tjuc path As shown liy Figure 2, the 'i-tiisil gioup 
retiaccd more in the early trials than eitlicr of ihe^ other voting 
groups fiv actual count we find that the errous oi the fiist t\pe ni.idc 
by It aftci rctiEicing is larger than that of either of the otlier ginups. 
Likewise, those ol the 10- and the 3-irinl groups sifnilarly made arc 
m gienlei niiinhei than those of the group* Llu'sc facts, wp 

believe, led to the slight mferiouty of the tiiivcs of the 5-, and 
IQ-tiial groups as compared with the I-trial groups in tlie iiist 5 tn 10 
tiiak Accoidmgly, it seems probable that if the yoiniljer unmps bad 
been pcimittcd no rctiaclng whatever no dinciencc in ibeii leaining 
curves would have been obtained. 

Retracing will not account foi the infcrioiitv of the 3- and S-trhil 
adults shown in Figure 1, however, for the (lilfctTnc("i in rctnuing 
of adults and young arc negligible in Jiinount and, fuithctmore, the 
errors committed after retracing amount Lo onlv n small fraction of 
the total errors made. In fact their iiifluciKe on learning eurvrs is 
haidlv perceptible after the first 5 to 10 trials in either voting or 
adult groups. A factor still unknown to us must account primal ily 
for the inferloiity of concentiatcd piiicticc in the adult groups 
3. Tiials io Learn, Since the animals were given oiilv 30 trials, 
some individuals of each gioup failed tn satisfy the more rigid critci la 
of mastery advocated by some expcrimcincrs, 13v using less sevcic 
criicrin and making use of medians rathei than means liowovci, we 
are able to indicate the relative pioficicncv of our groups with rc.sppct 
to degree of mastery of this maze in 30 trials. Two critciia have 
been used; 3 or less criors in 3 consecutive trials, and 1 or le^ys error 
in 4 consecutEve trials. The results derived bv applying tlicse critciia 
to the data of each group arc tabulated In Table 5. From a consider¬ 
ation of the data of this table it is apparent that medians of the 
younpr groups do not consistently indicate advantage or disadvantage 
for either distributed or concentrated trials. Actual differences found 
ate too small to have statistical significance. Excepting tl:c 1-trial 
group, the adults were less proficient than the voung in satisfying 
the criteria of learning The difference heLween medians of cither 
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j^oung group and those of the 3- and 5-tiial adult gioups are statis¬ 
tically significant in each case. These difterences are also m harmony 
with differences of mean-enor scores presented in Table 2 and the 
error curves of Figure 1. 

TABLE 5 

Medun Numder of Trials Required dy the Groups of This Experiment 
TO Satisfy a Lenient and a Fairly Severe Criterion 
or Maze Learning 


(Lenient criterion—3 or less eirors in 3 consecutive trials, severe criterion 
—1 or less e^rrora in 4 consecutive trials ) 


Gi onp 

N 

Trials 
pel day 


3 or less in 

3 trials 

1 or less in 
4 trials 

a 

47 

1 

Young 

13 2±0 49 

21 6±0.95 

b 

40 

3 


13.5±0H9 

22 5±1 14 

c 

29 



15 0±1 16 

20,8 

d 

31 

10 


13 0±L17 

21i3±« 

A 

17 

1 

Adults 

17 0±0 S6 

23 3±1 38 

n 

34 

3 


22 5±103 

28 0±* 

c 

23 

5 


20 9±1 54 

30 0±* 


*No probable erroie calculated tor these medians inisniiich as more than 
ono-qiiarter of the mdividnaU failed to satisfy the cuterion, thus ! endermg 
impossible the determination of the intcr-quartilc lange 
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FIGURE 3 

Number of Trials Required by Individual Animals to Satisfy a Lenient 
and a Fairly Severe Criterion or Maze Llahning 
( riiose failing to satisfy the cnteiion in the 30 tnals are designated as 
iion-leni ners ) 
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Pertinent facts relative to the scatter of mdivKhials satisfyiiiR the 
Ciiteria of mastery arc indicatctl in the scatter diaftiam of Figure 3. 
Again the similarity of young groups and their siipciioniy over tlic 
adults, excepting the 1-trial group, is indicated 1))’ the positions of 
medians on the scale, and especially noteworthy are the facts ili.it few 
of the adults approximate the better scores made by the joiing and 
that a greater pcicentagc of the adults failed to satisfy the ciilcii.i oi 
learning. 



Trials Trials 

FICUJtE + 

PcacBNTACE OF Animau IN Eacii Gboui* Mamnc, liaaiiKi Fst Runs 

4. Percentage of Erroiless Tiials. Figure 4 presents the pncciU- 
age of animals in cadi of the young and the adult gioups nmkiiig 
errorless runs on Trials 1 to 30. One should expect that the iiioie 
Important group differences, if anv, will .appear in the iattei Inilf 
of the trial senes when individuals of each group arc closely appiox- 
imating mastery of the maze Giaphs representing the crioiless scores 
for the younger groups show no consistent superiority or inleiimiiy 
during the first 25 trials, thereafter, flic 3-trial giouji diverges lioiii 
the others m a direction denoting supeiiority and the J'tri.(l gioiip 
diverges in the reverse direction From a statistical point of view the 
difference between the 3- and I-tnal groups is significant foi Trnils 
26-30. Measured similarly, the diftcrence between the 5- and 10-tiial 
poups, on the one hand, and their supciiot, the 3-tiial group, oi theii 
inferior, the 1-trial group, is not significant. What, we mav ask, 
caused this inferiority of the 1-trial group on Trials 25 to 3(1? 
Previous experience with l-trial animals had led us to expect con 
sistent peiformanccs of them in the lattci stages of niavc masteiv. 
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licncc such results weie not in accordance with legitimate expectations. 
Unfoi tunately we cannot answei the question satisfactoiily. Althougli 
wc liave inspected the scanty notes made while the animals of this 
gioup weie in the final stages of training, nothing of note was found 
bej^ond an occasional lecoid of a fcai lesponsc which was associated 
on til at clay with a few eirors. Whether fear i espouses wcie suffi¬ 
ciently fjcquent to have caused the obtained difference between the 
gioups u\ question, however, is doubtful 

That the adult groups score fewer errorless runs than the young 
is evident from a consideration of Figure 4. The 1-trial adult group, 
however, is only slightly infeiioi to the younger groups, Among 
the adults, eirorless runs tend to appeal in consldeiable numbei about 
5 or 6 trials later than among the younger groups. On the whole, 
concentration of daily trials is directly correlated with low percentages 
of errorless runs among the adult animals 

In passing, it is of interest to note that some of the curves of Figure 
4 leflect the position of certain tiials in each day's senes. The curve 
of the young 5-trial group shows a decided peak on Trials 11, 16, 21, 
and 26—the first trials of each day's series, Witli one or two excep¬ 
tions the same is tiue of the young 3-trial group, although in this 
case the cliveigence between last and first tiial is less clearly marked 
than in the case of the young 5-trial group A sliglit tendency in the 
young 10-trial group is also perceivable In the curves of tlie adult 
groups no ihythms are apparent, 

5 Compaiaiive Dtfficnlfy of Specific Blind Alleys Of the twelve 
blind alleys in the maze used in this expeiimcnt, mimbeis 5 and 7 
are most fiequcntly entered throughout the trial senes, 13, 17, and 
19 aie seldom enteied, and the otlieis occupy stages of intermediate 
difficulty Will points of lelative ease and difficulty remain the same 
for gioups of animals given concentrated and distributed practice? 
That IS a question we have raised in the present study To answer 
the question, we have calculated the mean numbei of cnors made 
by each gioup on each alley in the fiist, second, and last ten tiials 
The icsults are graphically icpiescntcd in Figure 5 

Suiveying Figuic 5 without icgard foi the lesults of any pai- 
ticular group, one notes that the points of ease and difficulty are 
veiv similar fot all groups These results arc also in accord with 
those of picvmus studies (AVcavci and Stone, 12, Stone, 6, 7). 
Alleys 5 and 21 stand out as being difficult dining each third of the 
tiial bciics, numbeis 13, 17, and 19 are the least difficult, and after 
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ALLEYS 
FIGUHE 5 

Mean Number of Errors of Type 1 (J?j) Made on Kach Bmno Aiip\ jn 
Successive IO^triat. Seoment^ oi *ni»- 'Vriae Snuu 

the first tliiul of the trial senes are seldom entered, Othej alleys, 
as previously stated, occupy inter mediate stap;os of difficulty in the 
early trials and become clearly diftcientiatcd only m the lattci staj^es 
of the trial series^ Of this intermediate gioup, Alleys 1 and 3^ of 
slightly more than moderate difficulty in the first ten tuaU, mciease 
their lank of difficulty in the last ten tuals wlicic they piovokc about 
as many errors as the more difficult Alleys 5 and 21. 

With small groups of animals one vs haulW wari anted in analy/.iiig 
the individual differences between groups foi the diftcioiit uilevs, 
since chance plavs a heavy lole whcie lUimbcrs of criois aie sniall. 
Nevertheless it may be noted that the iiifciiority of ihc adult 3- and 
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5-trial gioiips IS clcaily shown m Tjials 11-20 and to a lesser degree 
iji the first and last 10 trials. Also it seems fair to pi edict that the 
unevenness of mean scores foi the young groups would prob«Tbly be 
reduced gicatly with sizeable additions in the numbers of individuals. 
We cannot be suic, however, that all differences herein shown would 
be completely eiased. 

6 Time Curves. There is little justification for stressing time 
scoies in any study of fundamental diffeiences in learning ability 
associated with distiibuted and concentrated practice, because time 
scores are so dependent upon chance factors, rate of locomotion, 
amount of retracing, etc Yet it is always a matter of interest to 
know what the results foi time scores are m any investigation of this 
kind Figure 6 graphically illustrates the mean time scoies, trial by 
trial, foi the different groups, 



FIGURE 6 

Timp Scores or the Groups or Young and Adult Animals 


Excepting the fiist few tnals of the young and adults, the maze 
IS lun m about the same aveiage time by each group Rates of time 
reduction and final levels reached arc very similai foi all In the 
early tnals one finds apparent the influence of retracing in producing 
inferior time curves for gioups in which retracing was relatively 
prevalent. (See Figuie 2 ) Note especially the cuivc of the young 
5-tiial gioup for an illiistiatioii of this point. Similaily, tlie curves 
foi tlic adult 3- and 5-tiial gioups arc iclatively high during the 
first 8 tnals which conesponds to their iclatively high curves for le- 
tracing errors. 
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On the whole, temporal diffcicnccs a^s^oclatcd eiilioi willi or 
with distributed or conccntr.itcd practice arc too small in tins study 
to receive iutthcr consideifttvon. For all practic.il purposes* i{ these 
results are typical, the time factoi may lie overlooked in spated and 
in distributed rnaze piacticc for lats. 

CORRI'LJVTION WITH PrI VIOUS SlUIUlS 

Experimental studies of the temporal distrdiutinii of pMCticv in 
iclation to lapidity of animal Icaimofr have hem cntiLallv rxaminod 
by Walden (11) and Cook (2) in conneclion wiili then ovMi ir- 
poits of extensive experiments on this subject "^Phe i exults aic not 
in complete harmony, as the articles icviewcd clearly indicate, and 
because of the in comparability of cxpcnincntal condilions luuhu 
which these studies weie made the more important differences can¬ 
not be resolved by inference oi speculation. Thus it follows that no 
final conclusion can be cliawn as to the relative merits of the prin¬ 
ciple of distiibution versus massed piacticc, particulailv for the stan¬ 
dard practice of allowing; one day to intervene hctwccii trials or 
groups of trials 

Prior to the report of Cook (2) it seemed probable that some 
form of distributed practice was almost certain to prove super ioi in 
respect to error elimination, trials for mastery, and time consumed 
in a given number of runs for the standaul l-day interval lietwecn 
practice periods This tentative conclusion is not suhstaiUiated, how¬ 
ever, by Cook’s findings. This cxpcilmcntcr, using a inultiplc'T 
maze of eight blinds, large groups of homogeneous and welhuindi- 
tioned animals, special caie as to the minutia of cxpciimcntation, 
and more varied criteria of learning than his predecessors, found that 
the factor of temporal distribution of trials over .i wide range ap¬ 
peared to be unimpoitani: in detcimining the learning scores obtainc<l. 
Likewise our present study of young groups, though not strictly com¬ 
parable m many respects to that of Cook or his prcdcccssois, sho^vs 
little or no important difference between the tempoial distiibution of 
1, 3, 5, and 10 tiials administered with a l-day mtcival between 
trial groups On the other hand, our results with adult animals tend 
to harmonize with those of Warden who, using one of the Cuu 
mazes, found that a single trial per day was supciior to 3 oi 5 trials, 
Differences in conclusions reached by diffcieiu cxpciimctttcis 
would seem to be inevitable since in these studies one finds indivulu.il 
rather than common methods of motivating animals, subjects of dif- 
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fcicnt ages, large groups and small groups, mazes diftermg i[i pat¬ 
terns and number of difficult points, adequate and inadequate pre- 
lunlnar}^ training, uncoiiclated and highly conelated ciiteiia of 
learning, a maze with but one choice, one that calls for decision at 
loads, one that cmpliasizes timing rather^ than diiection of 
turns, a maze that inhibits and mazes that permit rctiacing ad 
libitum, to say nothing of differences aiising fiom purely chance 
factois and leading to erroneous impicssions as to the general con¬ 
sistency of results. Even the views recently voiced by Cook (2) to 
the effect that massed practice may be more efficient than distributed 
piactice when veiy simple mazes are used hardly seems warranted, 
foi the data of Lashley (4), though not strictly comparable, would 
seem to be in opposition to that of Pechstein (5) on which the opin¬ 
ion of Coolc IS founded. Likewise we mav seriously question the 
force of Cook’s explanation of differences between his own and the 
conflicting icsults of Ulrich (10) and Warden (11) resting as it 
does upon the assumption that his straightaway, S-unit, T-maze is 
one of inteimediate difficulty in compaiison with the Watson cucular 
and tlie Carr squaie maze employed icspcctively by Ulrich and 
Waiden So far as the authors know, there is no acceptable method 
for deteimining the relative difficultv of mazes, as measured on a 
commensurate basis, from published leports of different workers 
whose studies embody individual techniques of tiaining animals, dif¬ 
ferent cutciia of mastciy, and othei vauatious known to affect the 
magnitude of learning vSeores, Moreover, in out opinion, only sus¬ 
pended judgment is waii anted as to the cause eithci of harmony or 
discoidance in published reports until other variables inheient in this 
intiicate problem have been systematically weighed as to theii lela- 
tivc potency in determining the magnitude ot learning scores 

Mcanwlulc it seems legitimate to stress for the present a tentative 
gain of immense practical value that may have come fiom the study 
of Cook and the picsent one Wheie indicated by the lequirements 
of piactical situations, one may employ a method of massed practice 
with young animals between the ages of one and two months (prob¬ 
ably somewhat older) on multiple-T mazes of 8 to 12 alleys with 
good leason for believing that the learning scores will differ in no 
impoitant icspcct from those which might have acciucd fiom a single 
tnal per d«iv Since mazes of this type are known to yield very re¬ 
liable scoics, as measured bv conventional methods (Tolman and 
Nyswandci, 9, Stone and N>swandcr, 8; and Husband, 1), the 
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scores obtained from massed pi act ice nith amiiiids traiiinl on 

these mazes would seem to meet iiianv of the reiiinreiiicnts of prcsi'nt' 
day rat cxpciiments. 

Summary and Conclusions 

jr 

In this study we have assessed tlie idative mcni^^ of massed and 
distributed practice in young and adult laN tliat were ii.uned on a 
12-blind» miiltiplc-T maze. Four groups of young, apiiroximalely 
one month of age, weie given 30 trials at the rate of I, 3, 5, and 10 
trials daily, and tiuec adult gioups wcic given the same nuiidicr of 
tmh at the rate of 1, 3, and 5 trials per day. The nhlaincd results 
would seem to warrant the following statements: 

1. Eifors On Trials 1-15 the young groups differ among them¬ 
selves only slightly as to mean and variability of total errois made 
while running toward the goal, Slight dilTcrenccs occurring in the 
first 5 to 10 trials arc not directly coiiclated with massing of tuals, 
On Trials 16-30 cUftcrences arc very sm«iU and arc nut correlated 
with the factor of distiibiition of practice. In the thicc adult groups 
massed practice is directly correlated with ciror scoics, Young 
groups arc greatly superior to the adult 3- and S-tiial gioups on 
Trials 1-15 and somewhat superior to them in the second half of tlie 
trial series as well 

2 R€i}acing Massing of trials in young and adult groups lie- 
yond one trial per day is associated with an increase in ici racing, pai- 
ticularly in the first 5 to 10 tiialb, Thereafter ddlcrcnccs are small 
and are not directly correlated with massing of practice, 

3. Trials to learn. No significant diffcicnees between the mass¬ 
ing of practice and the trials rec^uued to satisfy tw^o ciitcna of mas¬ 
tery were found between the young gioups. Likewise, tlierc was no 
significant difference between tlic adult 1-trial and any of the young 
groups in trials to learn, The 3- and 5-trial adults, howevci, re¬ 
quired more trials to satisfy the ciiteria of mastciy than tlic adult 
1-trial or any of the young groups 

4. Vercentage of errorless ui7ts There is no significant relation¬ 
ship between the massing of trials and the pciccntagc of cirorlcss 
runs made by young animals during the first 25 trials; in the last 
five trials, howevei, the 1-tiial young group was significantly infcrioi 
to the 3-trial group, but neither of these was significantly diffcient 
from the 5- and the 10-tual gioups. The 1-Liial adults wcie tinlv 
slightly inferior to the young groups, but the 3- and 5-trial adults 
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wcic significantly inferior to the young On the whole, low concen¬ 
tration of practice is significantly associated with a large number of 
erroiless runs only in the adult gioups 

5, Points of relative ease and difficulty are appioximatcly the 
same in this maze iirespective of age gioups or massing of tiials per 
day. 

6. Excepting the first 4 to 10 trials, the mean time for running 
the maze was appioximatcly equal for each group of young and adult 
animals In the early trials the 1-trial gioups were superior to any 
of tlie other groups. The greater numbers of retracings by groups 
having massed practice probably accounts chiefly for the differences 
m times in eaily tiials When letiacing cliffeiences became insigni¬ 
ficant, time differences likewise disappeared. 

7 Close concordance of this study with the recent repoit of Cook 
(2) on tins subject would seem to justify the tentative conclusion 
that witli rats of one to two months of age one may mass practice 
within wide limits on multiple-T mazes without greatly affecting the 
rate of mastery. 
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L'ErFICACITE RELATIVE DE LA PRAl'KiUE DISTRimifl, M' NON 
DISTRiriUtE DANS L'APPREN’lISSACili DU LAHYRINIIIE PAR 
LES RATS BLANCS JEUNES EP ADUI/l'l S 
(Rcaiimc) 

Dnns cette ^tiicle on n cstinid Ics m^ritcs relallffi dc la praticjiic (hHlrilnicc 
et non distribuee che^ Ics rats jnioc-j ct adulter entrntn^'J daiH \\\\ Inby- 
nnthe multipIc-T, comprcnnnt 12 ciils-dc-snc On a fajt sulnr h qiintrc 
groiipea clca jeiincs nges d'environ uii mois trcnlc cpreuves tiyit I, 3, 5, cm 
10 ^preiivcs par joiir, et on a fait siibir ft troii groupcs dci ndullcs Ic meiiK 
nombre d'epreuves avee I, 3, et 5 epreuves par jour 
Les rcsiiltats obtenus dci qunlre groiipcs dcs jcunes nc iniuurem (pie ires 
pen dc rapports ou nuls rapporls entre la eonceiitrnuon dcs epreuves cl le 
nombre des erreura en avant, lea cprcuvcg ncccsanircH jiciur salisfairc Ics 
norrncs donnees de maitrisc, Ic pourcentage dcs parcours sans erreur fans 
par les gioupes, ct la difliciiU6 dcs aenlicrs spccilniues tiaiis Ic hbyrinllic 
Un accroissement dcs retracements a r^sultft dc la concemralioa des epreuves 
au-delft d'line par jour pendant Ics 5 ft 10 prcmicics epreuves; aprfts rcLi, 
les differences dcs ictracemciUs onl etc pctitcH ct probablcmcnt dt nulle sig- 
nifiancc Pendant les premiftrcs Epreuves, pendant que les iclraLcincjUs 
ont les plus frequents, Ics groupcs dcs jcuiics cntrain^s nvet les epreuves 
non distributes out mis plus dc temps pour chnquc ^prciivc que Ics groupcs 
subissant ft line 6prcuvc par jour. Aii-dcift dii premier tiers de la scric 
des Epreuves, cependant, toiitea les diWrcnccs ties courhes tie temps sont 
devcniics inaignifiantes et nvec nullc correlation avec la pramiiie nun dis¬ 
tribute 

Chez les groupes adultca, on a trouvi line correlation directs dcs epreuves 
non diatribiices avec le nombre des erreurs cn avant, des rcU accmeilis, et 
le nombre dea fipreuves niceasaircs pour anlisfnirc Ics crilftres dc rnnirnac; 
et line correlation inverse avec le pourcentage do« parcours sans orreur 
Pendant les 10 prcmiftres Epreuves quand ia concentration dcs ^preuvts a 
caus^ plus de retracements les groupes de 3 ct dc 5 dpreuves ont unc 
dur^e moyenne plus grande qiic celle du groupc iPunc ^preuve; dnns Ics 
derniers deux tiers dc In s6rle dcs 6prciivcs celte difTftrciicc devient relative- 
ment petite et probablcment msignifiantc 
Sans egard au degre de distribution dcs epreuves, Ics jcunes groiipcs ont 
et^ sup^rieura aux groupes adgltes dc 3 ct dc 5 cprcuvca; ils ont ct6 aussi 
Un peu sup^rieurs, mats non d’line fa^on aignifiante, au groiipe ndiiltc 
dVne epreuve pendant In premiere moiii^ de la sclic des cpicuves. 

Ma\I»R n blOMF 
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DIE RELATIVE WIRKSAMKEIT VERTEILTER UND K0N2EN- 

TRIERTER tJBUNG BEI DER ERLERNUNG ElNES LABYRINTIIES 
DURCII JUNGE UND ERWACHSENE ALBINORATTEN 
(Referat) 

In dieser Untcrsuchung liabcn wir die relativen Vorzugc von verteiltcr 
und konssentriertcr Dbung abgeachalzt an jungen ujid eiwaclisencn Railcn 
die ifi einem multiplen T-Labynnth (T’ maze) mit 12 Sackgasaen tiainiert 
worden waren. Vier Gruppen von Jungen, etwa 1 monat aU^ wurden 30 
Proben unterworfen, bei I, 3, 5, oder 10 Proben tdglich, und drei Grup¬ 
pen erwachseuer Ratten wurden der selbcn Probezahl unterworfen, bei 1 , 
3, und 5 Proben taghch 

Die an den vier jungen Gruppen er7leltcn Reaultate zeigten fast kein 
Verhaltniaa zwischcn der Konzentncning der Proben einerseits und der 
Zahl der progressiven Fehler ('forwaid-going errors*), der zur Befnedi- 
gung bestimmter Normen der Meisterschaft notigen Proben, dem Prozent 
der yon der Gruppe gemachten fehlerlosen Fahrten, und der Schwierigkeit 
spczlfischer Alliecn in dem Labyrinthc andcrseits Die Konzentrierung der 
Proben uber eine Probe per Tag hinaus brachte wahrend der ersten 5 bis 
10 Proben eine Erhohung der Zahl der Wiedcrbetretungen (^retracinga*) 
herbei, danach waren die Unterschiede in der Zahl der Wiederbetretungen 
klein und wahrscheinhch ohne Bedeutung Im Lnufe der fruheren Proben, 
wahrend die Wiederbetretungen am hauligsten waren, gehrauchten die 
jungen, mit mehreten taglichen Proben trainierten Rntten mehr Zeit per 
Probe wie die Gruppen die taglicli nur eine Piobe durchmachten Wber 
den ersten Drittcl der Probesene hinaus wurden alle Unterschiede in den 
Zeitkurven bedeutungslos und zcigtcn mlt der Konzentrierung der t)bung 
kern Verhaltniss mehr^ 

In den Gruppen der erwachsenen Ratten zeigte sich eine direkte Kor- 
relation zwischen der Konzentuerung der Proben einerseits und der Zahl 
der progressiven Fehler, den Wiederbetretungen, und der Zahl der zur 
Befncdigung bestimmter Normen der Melsterschaft notigen Piobcn ander- 
seits, mit dem Prozent der fehlerlosen Fahrte war die Korrelation mvers 
Wdhrend der ersten 10 Proben, als die Wiederbetretungen durch Konzen¬ 
trierung der Proben veimehrt wurden, brauchten die 3- und die 3-probigen 
Gruppen durchschnittlich mchi Zeit per Probe wie die 1-probige Gruppe 
(the 1-trial group) In den letzten zwei Diitteln der Probesene wird 
dicscr Unterschied verhaltnissmassig klein und wahischeinlich unbedeutend 

Abgesehen von dem Grad der Konzentrierung der Proben waren die 
jungen Gruppen den erwachsenen 3- und 5-probigen Gruppen ubcrlcgen, 
sie waren auch etwaa, aber nicht bedeutend, der erwachsenen 1-probigen 
Gruppe wahrend der ersten a Halfte der Probesene uberlcgen 

Mayer und Stone 



THE DOUBLE ALTERNATION RROHLKjM: I. THE 
BEHAVIOR OF MONKEYS IN A DOUBLE 
ALTERNATION TEMPORAL JIAZIC^^ 

Fiom the Psychological Paho/atotus vf (huh Univt/sitv 


Louis W. Gfim'rmann 


Inirodtjction 

The problem of double altcniAtioa in the tcinpoial ina/c *ippai- 
ently requires foi its solution the ufclliyaLion of syinholie pioce^ses, 
This position was originally outlined aiul iiivcsugated c\peiiinenLiilly 
by Hunter in connection with his study of the kinacsthoiic sensory 
processes in the rat (3j 4), The results of that stuilv indicatcil tliat 
the rat could not master the double altcuiatiori piohlcni in tlie Lein' 
poral maice unless aided by spatially ananged cues. Ilimlcr also 
tested raccoons in the double alternation temporal nia/c (5) and 
found that tliese animals gave evidence of being able to porfonn Oic 
pioblcm without the aid of cvtcioceptivc cues 'J1ius lais and lac- 
coons were found to have the same relative ahilitics in the double 
alternation problem as liad previously been faiind for tbeni (by 
Huntei, 2) in the delayed reaction problem Another invesliualion 
in which the double alternation temporal maze lias been used hy 
Hunter relates the problem of the sensory control of the ma/c liabit 
(in the white lat) to the problem of double alternation {\\ bulimeu' 
sionah tridimensional, and temporal mazes (6). These studies all 
support the hypotheses of symbolic processes in explanation of sullcs^- 
ful performance of the double alternation temporal nia/e. As 
Hunter (6, p. 535) states, “The mastciy of the double alternation 
temporal maze is apparently orrly possible fo\ on animal who can 
supplement proprioceptive and exteroceptive stimuli witli sonic si-ni- 

Accepted foi publication by Walter S Hunter nf the rditonal Hoaid 
and received rn the Editorial Office, December 17, 1930 

^Other papers rn this senes to appeal in the Joiininl of Gcfufic Psycholn//y 
are* II “The behavior of children and hiimnn adults in a double nliern.i- 
tion temporal ma7e/’ and HI "The behavior of nionkpvH in a double 
alternation box-apparntus.’‘ 

The takes pleasure in cxpressinR his mdebtednesH to Dr Walter 

S, Hunter of Claik Umveisity, under whose diicction these cxpcjiineniH 
were conducted The actual experiments! work dcsciihcd in ibo prcstiu 
paper waa conducted daily from December 6, 19?,S, to March 22, 1930 
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bohc process or with some central neuial process.” Whethci these 
cential processes <aic representative of the geneial pattern of the re¬ 
sponses to be made in the maze or of the cumulative effects of the 
successive tups in the maze is not known 

The picsent senes of expeuments is a fuither analysis of double 
alternation with lefeience to symbolic processes, using monkeys and 
liuman subjects These subjects were tested on the double alterna¬ 
tion pioblem in the tempoial maze, and their behavior under these 
conditions was caiefully observed and recorded Monkeys were 
tested also in a new appaiatus called the alternation box-apparatus, 
which is original with this investigation. As a result of these ex- 
pciiments it is possible to compare the double alternation behavior of 
monkeys and human subjects with that of rats and raccoons. Fur¬ 
thermore, the beliavior of the subjects used in the present investiga¬ 
tion has been analyzed for its own sake. Out of the total treatment 
a clearei understanding of the nature of double alternation behavior 
has arisen. 

Purpose of Experiment 1 

As stated above, Hunter found the performance of raccoons to be 
superior to that of lats, both in the double alternation temporaJ 
maze (5) and in the delayed icaction experiment (1). The ability 
demonstrated by raccoons in the latter problem indicates that they 
possess only “the bare rudiments of symbolic processes,” and the 
work with the foimer pioblcm indicates that they were able to Icain 
the double altei nation of foui responses, R R L L, only with great 
difficulty. Since Tmkiepaugh (7) has found that the monkey is 
siipeiioi to the raccoon in the delayed reaction cxpeiiment, it appealed 
likely that the mcnicey could learn the double alternation tem¬ 
poral maze with relatively gieat facility The piesent expeument 
was devoted to the study of this problem. In particular it seeks to 
answer expeiimentally the following questions: 

1 Can monkeys learn the double alternation of four re¬ 
sponses, R R L Lj m the temporal maze? 

2 Can monkeys extend the double alternation of re¬ 
sponses to a senes of gi eater lengths than that upon 
which they wcie trained^ 

Apparatus 

Figuic 1 picsents a giound plan of the temporal maze usee! in the 
present expciimcnt This is the same maze used by Hunter m his 
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FIGURE 1 

Ground Pi an of Temporal Maze 
(Details described In the text) 


Study of double alternation with raccoonSj adapted to work with 
monkeys by means of certain alterations and additions. At the front 
of the apparatus was an entrance box, Bj witl\ %"-mcsU wire covev- 
ing The front side of this box was a wire door hinged by the top 
edge. An aperture through this door was used by tlic experimenter 
in chaining and unchaining the monkeys during the early stages of 
experimentation £ designates a sliding panel which was lifted to 
allow the animal to proceed from B into the maze. 

The doors LD^ LFDj RFDj and RD (left dooi, left fiont door, 
etc.) were hinged to the outside wall of the appAiatus. 'rhey were 
controlled from one central point at the front of the maze by means 
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of a system of levers and rods. Heavy felt pads were placed upon 
the dcx)rs to prevent any jar when the doors were closed. In actual 
operation the doors could be opened and closed noiselessly. In the 
center alley of the apparatus was a wire door (represented by the 
dotted line WD m Figure 1) which was hinged to the wire^top 
frame This door was used at the conclusion of each trial to pre¬ 
vent the animal re-entering the back portions of the maze When 
not in use it was swung up close to the wire top of the center alley, 
Mounted vertically along the front top edge of the apparatus was 
a wall board screen (9' x 4') to prevent the subject^s getting visual 
cues from the experimenter A small observation hole through the 



FIGURE 3 

Arrangement or Shock Grids ih the Temporal Maze 
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center of the scicen enabled the cvpcrlnicntci l« view the ecntei .ilh'y 
of the maze. Upon the upper coincis of the siiccn 'vcie niitrur-) 
(M in Figure 1), by means of whieli the esperiiueniei umld view 
cither side alley fioin a point in fiont of tile olwiViition hole The 
cxpeiimcntal loom and aiipai.itiis wcic ilhiininated soleh liy cleLlric 
lights These wcic shaded m order to miiumiw the .iiuoiuit n( light 
reflected by walls and ceiling to the poition of the lOoiii oeuipitd by 
the cxpeiimcntei. The glaic of the light-. pic-.umahly ni.ich- it difli- 
cult foi the monkeys to receive visual stimuhitiiui fiom the experi- 
mentei tluough the minors. 

Duiingpait of the cxpcnincnt clcctiic shock was iiseil instead of 
hunger to secure icgular movement of tile suhjcLts tluough the in.i/e. 
Figuie 2 shows the aiiaiigcinciit of the shock giids on the floor of 
the apparatus. These grids wcic made of narrow In.iss snips 
fastened on boards. As may be seen in the diagiain, the flooi giids 
were in sections This made it possihfe to shock the atiini.il .it .my 
desired point m the maze Fuithcrmoic, it w.is possililc to liiiiig tlic 
shock up to the animal from one side oi anotlici .itul llms p.nlially 
to dncct his movement At no tune, howevei, w.is ilie shock used 
to influence tlie response of any subject from point .r. The shock 
was administcicd by an clcctiic stylus and .i kevhoaid of coiit.ict 
points aii.sngcd m csscntmlly the same order as the sections of shock 
grids. The strength of shock was icgul.itcd bv me.ms of .i rheost.it 
shunted into the oidinary 110-volt clcctiic light circuit. No shock 
was used in the floor grids of sufTicicnt sticngth to be disci Inniialed 
bv the expcrimentei. The top wire covering of tlic m.i'/e was also 
connected with an electric ciicuit to discourage the subject’s climliing 
in response to shock fiom the floor grids. In tliis the .second cont.ict 
points were secured by placing brass strips on the walls of tlie ap¬ 
paratus at the points whcjc climbing bchavioi occuiicd. 

Method 

1. Subjects Three young Macacus rhesus monkeys wcic used 
in this study They wcic obtained from the Henson Animal F.uin 
at Nashua, New Hampshire, where they had arrived from India 
SIX months before When We leccivcd them in Oclobci, 1928, they 
were prob.ably about one year old. The gioup included onp female 
called Sis, and two males called Bones and Hurt. UufoUunalcly 
Burt died after completing only 50 trials. Bones and Sis wcic in 
good health during the entire cxpeiimcnt. 
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2. Prelh/imaty Training For a month preceding pieliminary 
trials the monkeys wcie taken into the experimental room daily in 
order to accustom them to the sunoundings in which they 
were to work. Here they were at first fed bits of appVe, giapes, or 
a little barley, and latei all of their food. They soon learned to 
enter the room readily and to go to the positions at which they were 
chained duiing feeding. Inunccllately preceding the piciirainary 
tiials seveial days were devoted to teaching the monkeys tlic routine 
of entering and leaving the entrance box. Each animal went through 
this pioceduie once a day befoie being fed. The animals could be 
placed in the entrance box and unchained without difficulty, but at 
first they resisted being rechained. On the day befoic his first pie- 
liminaiy trial each monkey was permitted to enter the temporal maze. 
All the tioois of the apparatus were open, and the subjects could have 
gone thiough it without restriction However, they went only as 
far as the point ^ where they sat looking about until they wete per¬ 
mitted to come out of the apparatus Thiee ptelimmary tiials were 
given winch weie intended to acquaint the subjects with (a) the 
interioi of the maze, (b) the operation of the maze doors, and (c) 
the presentation of food. The pioceduie duiing the pieliminaiy 
trials was as follows At the time the subject cntcicd the maze the 
front doors (RFD and LFD) were closed, and the side doois (RD 
and LD) were open. The first response at could be either R or L 
m that the subject could go to the front of the apparatus either way 
When the subject did come to F (to the front) on either side, the 
door on that side was closed behind him, he was given a bit of food, 
and the appropiiate FD was open to permit him to go through tlie 
centei alley to He must now go to tlie othei side to get to F 
since the dooi on the side to which he had just gone was closed 
Following the second bit of food, the subject was removed fiom the 
apparatus Thus a pieliminaiy trial consisted of two iespouses from 
Xj which might be eitliei R L, or L R This plan was adopted to 
pi event tlie establishment of position habits 

3 Explanation of Terms, Before describing the piocedure used 
during the regulai experimental woik, I will explain some of the 
terms to be used The double alternation problem in tlie tempoial 
maze consists in a senes of R and L tespoinc:^ (choices) fiom the 
point Xj that is, tiips to the right and left sides of the appaiatus fiom 
A However, all tups from v to the F or i aie not called responses 
In ordci to be Cidlccl a response a trip to the side of the apparatus 
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from the point »v must follow a trip up tl»c center nlley frv>m y. Each 
response begins with tlic trip up the center allcv nrul ends when the 
subject has come to F, From F he is permitted to go up (he ctMiter 
alley again and make another response. All trips /lorn the pumi a* 
were recorded, but only those woe called responses ivlitcli first foF 
lowed entrance io the imm oi the completion of a trip tnoutitl one 
side of the maze, A trial consists of a seiies of such icsponsis In 
the pjcsent expeument four responses constituted one tii.iK In each 
trial those responses arc called coircot \\hich confonU to the ohlei 
RRLL. An error under these cuiiditions dosignaies a response 
which does not conform to this order, Rctr.iting (except (rom 
eithci back corner of the ma/.c to \ following an incorrect icsponse), 
climbing, going back and loitli in the ccntei and hack allcy>, and 
trips to closed side doors arc all called evtta moves ihiougli the ma/e. 
A correct trial is one in which all responses confonii to the order 
stated above Since extra moves in the iuoac au* not de(u\ed as 
errors they could be included in a correct tiiid In practice, how¬ 
ever, extra moves did not appear during correct trials 
4, Procedure The pioccduic during tlic legular tri*ds Wiis as 
follows’ The, subject was permitted to entei the maze tliiough the 
door JEj and was kept in the maze until he had made four trips 
aiound the side and front of the apparatus in the older R R L L, 
Thus his problem consisted in making four rcsponstii, from Vhe point 
X following each of the four trips up the center alley. If he made 
the correct responses lie would find the side doors opened^ and could 
come to F at once; if not, he would cncouiitci closed side dixirs, and 
would have to retrace to x and go to the other side and so to F, In 
each case he must go fiom a to the correct side and F before he could 
return to x by way of the center alley for the next response, 'riio 
right side door was open at the start of the trial Eacli lime tlic 
subject came to F the side door was closed behind him, he was given 
a bit of food, and the front door was opened for him to go into the 
center alley, and closed behind him as soon as he did so. Grapes 
Were used as food and were allowed to roll from the experiinenter*fi 
fingers into the front sections of the maze. The cxpcrimcntcrV 
fingers did not come within view of the subject, and it is improhalilc 
that the subject could icceive cues from the food. The appiopiiate 
side door was opened for response 2, 3, and 4 o«/y after the subject 
had made hts response from point x, A response was counted R or L 
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only when the animal went from x completely out of the experi¬ 
menter’s view, 

5. Dfidy Rouime Each animal was given one trial per day, ex¬ 
cept that Sis near the end of the experiment was given two trials 
per day. Duimg the first six months of work Sis and Bones were 
m the experimental loom together, because they seemed to work 
better under these conditions than when they were alone. While 
one was in the apparatus the other was chained to the wall in one 
corner of the room Upon completion of a trial the subject was 
given a small amount of food in the entiance box and then rechained 
to the wall After both animals had finished work, they were fed 
in the experimental room This latter practice was discontinued 
after the first two months and the animals were returned to their 
living cage for the bulk of their food. The animals were some¬ 
times overfed, with the result that they would work only pooily, if 
at all, on the next day. This condition finally led to the substitu¬ 
tion of punishment (in the form o£ electric shock) for hunger as a 
stimulus to movement On those days when a subject did not com¬ 
plete his third response by coming to F and receiving food within a 
reasonable time, work was discontinued. Such incomplete trials were 
not counted In all cases where three responses were completed, 
work was continued until a fourth response, and thus a complete 
trial was secured, 

Tlie ciiterion of learning was three errorless trials in succession. 
Various controls used m an attempt to detect possible external cues 
will be desenbed later 

After placing each animal in the entrance box, the experimenter 
sat at point S (see Figure 1) Complete recoids were taken of the 
behavior of each subject These included’ (a) responses from x, 
(b) complete detail of path followed; (c) detail of any other be¬ 
havior such as hesitation at x, pauses at various points, climbing, 
sounds, etc , and (^/) a cumulative time record of each completed 
lesponse and tiie moic definite of the items listed under i 

Results 

1 . LeaniiUf^ 

a. Behnvwi iyp^al oj mccessivc stages in learning During the 
trials in which the monkeys were learning the problem three general 
stages of behavior appeared It is particularly interesting to note 
these in some detail because the same types of bcliavioi and the same 
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general stages appear with human suhjcits, as wiW be shimii in the 
second paper of this senes. 

In the first stage the siibjcLts paused a gieat dcab made numerous 
e:itra moves, and weic timid in relation to llie app.iialus. ^^fore of 
their time was spent in pauses anil lUdajs thiU\ m moving ahout. 
Following an crioncous response they would go to the i.lci‘»ed side 
door and push and pull at it. 'I'hcv often tame to y. ami pushed on 
both front doojs Tlicy also walked hack and forth aeioss tlie haek 
of the apparatus manv times. This may have hem due m pait to 
their timidity at the movcincnt of the side doois The nionke 3 s ivere 
somewhat staitlcd when fiist the doois were closed hclund them as 
dicy came into T. Sometimes they would rush hack past a closing 
dooi and go to \ There would then ensue a pniod in wlikli the 
animals delayed in coming down the side alley to F TIicn nould 
come very slowly to the side door and feel of it oi swing it a little 
If the cxperimcntei moved the door oi made the shglitest noise, llio 
monkeys would retreat to ,v. This period of habituation in i mining 
the maze took much longer Avith monkeys than is typical for such 
animals as rats and raccoons 

In the second stage the subjects walked coiuiniuuisly and tdiuam- 
ated extra movements through the maze. At first they would tmn 
back aftei coming only part wav forward toward a closed side doou 
Later they would turn back as soon as they s*aw the closed side doors. 
Trips to y and back and fdrth across the back alley also wcie eliiu- 
inated gradually. With these changes in behavior, dcfinilc sciies of 
responses appeared and persisted foi scvcul consecutive tiials, Dur¬ 
ing the fiist stage over 50% of the responses had been inconect, and 
there was little similarity in the series of responses from tiial lo trial. 
In the second stage all the subjects began to respond R L L R, trial 
after trial. Although not apparent at fiist glance this is ically be¬ 
havior of a simple alternation type. (See p. 62.) 

In the third stage the subjects shifted fiom one fixed senes of re¬ 
sponses to another more neaily like RRLL, This change was ac¬ 
companied by hesitation behavior immediately preceding the paiticu- 
lar response m the series which was undergoing concctvon. The 
fiist change of this type was usually fiom RLLR to RLLL, 
Preceding the last response of each trial duiing the time this cluuigo 
was taking place, one of the following types of bcliavioi might ap¬ 
pear a slight hesitation, maikcd hesitation, or sliglii pause before 
reaching x\ hesitation, swaying from side to side, pau<^c, staiting 
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towaicl R or L and stopping, turning completely around, oi looking 
towaid the fiont of the apparatus from x, and lastly, going toward 
but not completely to the side alley, or going toward a side so that 
pait of the body but not all of it left the center alley. Immediately 
preceding the solution of the double alternation problem (changing 
RLLL to RRLL)t these types of behavior appeared very defi¬ 
nitely in the second response of each trial 

Since tlie change from one stage of learning to another occurs 
gradually, it is difficult to state definite criteria lor the three stages 
In general, however, transition from the first to the second stage is 
marked by the disappearance of extra moves tlirougii the maze, and 
the appealance of hesitation behavior preceding responses indicates 
the beginning of the third stage. 


TABLE 1 

Data on Trials for Different SuujECTa 


Subject 

Trials before 
first 

correct nm 

Tiials before 3 
correct runs 
in succession’*' 

Total number 
of 

trials 

Bones 

15 

80 

100 

Sis 

47 

315 

500 


16 

(never) 

50 


*Both Sis and Bones actually made five coirect runs in succession dt the 
time they satisfied the criterion of learning Work with Buit was inter¬ 
rupted by hia illness and death 


b Quantitative data on leaunug Let us now consider the way 
in which the monkeys learned the double alternation temporal maze 
in terms of trials and correct lesponses m each successive group of 
10 trials Table 1 shows the numbei of trials before the first cor¬ 
rect lUii, the number of tiials required for learning (3 coirect trials 
in succession), and the total numbei of trials given each subject 
Following learning Bones was given 20 trials, all of which weie 
correct. The contiols introduced during some of these tiials will be 
dcscubed later Sis received 185 trials following learning of which 
52 weie coiicct. Among these were one group of six, thiee groups 
of five, four gioiips of tliiee, and five gioups of two successive cor¬ 
rect trials The icason why Sis did not master the problem as de¬ 
finitely as Bones did will he piesented latei With Buit, it was 
possible to complete only 50 tiials of which numbers 17, 49, and 
50 were collect Although his last two tuals weic coriect, it is 
unlikely tliat he had Icained the pioblem 
Table 2 recoids the numbei correct in each successive gioup of 40 
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TAHLl. 2 


NUMftEH OP CORI^^ECr ResponsI'3 in IMI bUCLI^^Slvr C,R0UI‘ Oh iRUfs 

DEroRfi The Introduction oi SjHOlk tJRins iNn> int Ma/i 
( 40 responses in encli Rfoup) 


Hones 

Tiials I to 98 

Sh 

Tnah 1 lo 10 V 

25 

\I 

27 

17 


U 

25 

19 

25 

22 

28 

22 

30 

23 

29 

25 

_ 

28 

40 

27 

32 of 32 

12 of 16 


Hurt 

'rrinls 1 to SO 

n 

25 

23 

20 

25 


responses (i,c., in each successive group of 10 trials) for tl\c period 
of the experiment during winch rlieie were no shock grids in the 
maze* Tlie line m Bones* rccoid shows the point at which he IcanicJ 
the problem, Sis made stcady^ progress during tins period and had 
begun regularly to make three out of four icsponses coiica {li L 
L L) in each trial. 

At this time the shock grids were introduced into llic appaMtus* 
Bones Iiad developed the habit of stopping woik following his foiuth 
response He would go to the back left comer of the apparatus and 
remain there* Only rarely would he come to F following his fourth 
response* It was impracticable to attempt to iacicasc for him the 
number of respont>cs per trial until some means of keeping Iiim 
moving liad been provided* (Sec page 67 ) SN also |)ievented 
a problem at this time in that she had begun to take nioic time pci 
trial than formerly and in that she often, refused to work altogether 
During the last 22 days of the first period of experimental work it 
had been possible to complete only 13 of her trials* I'lic reason 
for this change in beh«wior is uncertain. An attempt was made to 
increase her hunger, but this did not seem to impiove her work. 
Rather, it resulted in an increase in the amount of time she spent 
' sitting still. To obviate these difficulties, I decided to iribt.iU electric 
grids in the apparatus and use punishment to keep the animals mov¬ 
ing* Watson (8) has suggested that electric shock is hupeimr to 
certain other forms of punishment for use with monkeys. It seemed 
quite desirable to make the change from hunger to punishment if this 
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were possible. The arrangements for the use of shook have already 
been described (See p 54 ) 

After the instalJation of the shock grids, Bones completed two 
correct trials (making 20 successive perfect trials) and lefused to 
work thereafter. On the second of these trials (upon being shocked 
for the first time) he jumped to the wire top of the apparatus Here 
he went through the maze coriectly without again coming to the 
floor. To prevent such behavior, a relatively strong shock was ar¬ 
ranged ui the wire covering of the maze. When Bones leceived a 
shock from this source, lie became so badly upset that further work 
with him proved impossible. So far as he was concerned, tlie shock 
grids did not succeed in serving the purpose for which they were 
intended. With Sis the results obtained with shock were as success¬ 
ful as those with Bones had been disturbing Both her senes of 
responses and her time records were temporarily upset, but she 

TABLE 3 

Number or Correct Responses for Sis in Each Group or Ten Trials trom 
THE Introduction or Shock into the Maze until LEARNiNct 
AND FROM Learning until the Close or the Experiment 
( 40 responses in each group) 


During trials 

105 to 315 

Dining trials 

316 to 500 

1+ of 2+ 

20 ot 20 

21 

31 

21 

*25 

26 

30 

27 

36 

28 

27 

25 

29 

*22 

30 

25 

30 

27 

-- 

29 

31 

28 

30 

29 

28 

25 

36 

26 

34 

28 

33 

28 

33 

30 

35 

29 

33 

32 

34 

31 

14 of 20 

34 


fMastery rcquiied 12 coirect responses out of 12, i e, a correct trial on 
each of three successive days 
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Quickly Icaincd to keep walking in icsjUJihe to sliock. 1 lie first 
$igns of this adaptation appeared on the souind day shock was used. 
Sis climbed to the wire top as Hones had done, hiil after iceeiving 
one shock from the top wire she nevci climbed ap^ani in 391 trials 
(Aftei Ills first expciiencc Hones hod avoided diijck fmni the top 
wire by not touching the second contacts on the ^s:dl,) 

Table 3 rcconls foi Sis tlic nunihei coircit in eaili successive 
gioup of 40 responses (ic, in e.ich succes>wc gioup of 10 iiials) 
after the shock giids had been installed in the apparatus. 'I'lie 
recoids in the first column aic for the period fiom the intnuhution 
of shock to the point of learning; tliosc in the second c<dumn aic 
foi the peiioci from the point of learning until the dose of the expeii- 
ment The line in the second column indicates the point after which 
two trials were lun each day (7 am. and 7 F M ). The table ^hows 
that in the fust 26 tuals following the introduction of shock Sis 
made about the same number of errors as correct responses A coiU' 
parison of the fiist column of this table with records foi Sis in 
Table 2 indicates that, following the intioduction of shock, It look 
about 100 trials for Sis to reach permanently about the saim* level of 
performance that she had reached hcfoic the change in method l^'iiun 
one standpoint, much of the learning in the fiKSt 104 trials of the 
experiment was dissipated for Sis by the Intioduction of shock Sis 
formed a left position habit fjoin Trials l7l to 193 and ii light posi¬ 
tion habit from Trials 329 to 341 (Hunter 2, p, 210)4 'Fhe elfect 
of these position habits is shown m Table 3 at the points imlic.ited 
by asterisks, No special effort was made to break down thcM* posi¬ 
tion habits as they appeared inevitable m the temporal ma/e Sis 
made 8 collect trials in all thioughout the 315 learning tiials, 

r S/mple ahcni^i/o// behmno} ft has hien stated that in the 
second stage of Icaining each of the subjects tended to maki* the 
series of lesponses R L L R tnal after tiiah "J'his was the fiisl 
fixed series of responses with cacli animal. In il tlie fiist and thnd 
responses are conect This type of trial lias been culled “altei nation 
after success” by Huntci (2, p 216; 4. p, 1, 6, p. 531). This 
expression is desciiptivc of the order of responses as tccliniculh' de¬ 
fined in the double alteination piohhun (mv p SS), hut it does 
not give a clear description of the hcliavloi of the subject in the 
maze Tins order of iespouses may well be spoken of as a str/ifdc 
diernation of trips from the point .v towaid tlic sides of the ap¬ 
paratus. The first time tlie subject comes to a he goes to the R (in 
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the series undei discussion) The next time he goes to the Lj but 
must retrace to x and go to the R. On the third response he goes 
L On the fourth he responds Rj but again he^ must retrace to Xj 
and go L If the reader will glance back over this senes of tups 
fiom .V to the sides of the maze, he will see that the orclei has been 
R L R L R Lj o\ simple alternation. (The trips which, under the 
conditions of the double alternation pioblem, are called iespouses 
have been boldfaced.) It appears^ theiefoic, that the subjects 
fall into a type of simple alternation, and that learning m the double 
alternation temporal maze consists paitially m bieaking down this 
type of behavior. 


TABLE 4 

Percentage or Errors Made dy Each Subject on Each of the Four 
Responses during Learning 


Subject 




1 

Responses 

2 3 


4 

Bones 




1 3 

92 7 

10 1 


30 1 

S[s 




16 0 

94 7 

5 8 


29 6 




TABLE 5 





PERCCNrAGE OF ERRORS MADE BY EACH SUBJECT DURING EaCH TENTH 

OF 


Liarninc (and roR Comparable Periods Thereafter) 




ON Each 

OF THE Four Responsps 





Bones 



Sis 



Tenth of 


Respon 

SCS 



Responses 


learning 

1 

2 

3 

4 

1 

2 

3 

4 

1 

125 

87 5 

37 5 

25 0 

619 

90 5 

19 0 

S+,0 

2 

00 

62 S 

12 5 

62 i 

20 6 

96$ 

63 

63 S 

3 

00 

87 5 

37 5 

37 5 

00 

100 0 

32 

444 

4 

00 

89 S 

00 

37 5 

95 

90 5 

19 0 

44 4 

5 

00 

100 0 

00 

50.0 

12 7 

96 8 

32 

22 2 

6 

00 

lOOO 

12 5 

50 0 

41 3 

100 0 

63 

6 3 

7 

00 

100 0 

00 

00 

19,0 

100 0 

00 

3 i 

3 

00 

100 0 

00 

25 0 

3 2 

96 8 

00 

34 9 

9 

00 

100.0 

00 

12 5 

00 

90S 

00 

19 0 

10 

00 

100 0 

00 

00 

00 

37 3 

32 

63 


00 

00 

00 

00 

00 

95 

30 2 

54 0 


00 

00 

00 

00 

00 

63 5 

11,1 

25 4 


00 

00 

00 

00 

00 

52 4 

95 

34 9 






00 

33 3 

19 0 

34 9 






00 

28 6 

63 

25 4 






00 

14 5 

00 

50 9 


d Relative difjicullv of responses. The lelative difficulty of the 
responses in the sciics R R L L is ind[cated in Tabic 4 This table 
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shows clearly that the second And fourth responses on each trial were 
the most difficult responses and that a Kfcat many more errors 'were 
made on the second than on the fourtii. This is consistent with the 
fact that the series of icsponscs R L L R chantz;cd t*i R R L L durinj; 
the third stage of learning, as has been stated above. 

Table 5 records the percentage of errors made ijy each subject 
during each tenth of learning (and for compatahlc periods theiC' 
after) on each of the four responses. With Hones all trials aftei the 
twenty-fifth were either R L L R or: R L L L (eveept Tiial 41, 
RL RL) and after Trial 60 all of thes'* hut one were R L L L 
until learning, Hones leaincd the responses of each tiial m the 
order I-J-4-2, With Sis somcwJiat the same ccjursc of learning took: 
place, Her predominate senes of icsponscs foi the l.Uvt 100 tiials of 
learning was also R L L Ly although on 18 trials the responses wcic 
R L L R. Following learning Hoac<? made no errors, but Sis con- 
tinned to do so. Her major difficulty following satisfaction of the 
criterion of learning seems to. have shifted from the second to llic 
fourth response of each trial. During le.iniing the second response 
was wrong in 947% of the trials (sec Table 4), and after learning 
it was wrong in only 34% of the trials. ('I'lii^ latter pcrccMitage 
is calculated from data in Table 6.) Tlic fourtJi lesponse was wiong 

TABLE C 

Pbrcewtagc or Tpims in Which tin IC Possiqm^ StMi s ni UesroNais 
Occurred during and a iter Lpahnjno 


16 possible 

Bones 

Sis 


series of 

During L After L 

Durinjr R 

After L 

responses 

(80)» (20) 

(315) 

(185) 

R R R S. 

3 S 

6 

65 

R R R L 


a 

65 

R R L R 

2.5 

6 

2V9 

R R L t 

1 3 lOO.O 

25 

28 t 

R L R R 

25 

6 


R L R L 

$8 

25 


R L L U 

213 

22 5 

59 

R L 1 L 

63 8 

53 7 

28, J 

L RR R 


.3 


L R R L 




L R L R 




L R L L 


3 


L L R R 


d 


L L R L 


.6 


L L L R 


+ 4 


L L L L 

1.3 

98 



♦Nimbers m parenthesis indicate iininber of trials. 
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in only 29.6% of the trials during learning, whereas it was wrong 
in 37,3% of the trials after learning. What Sis seems to have 
learned was to respond R R L and the fourth response remained 
undecided. This fact is further shown in Table 6 which records 
for each subject the percentage of ttials in which each of the 16 
possible senes of responses were made duiing and after learning, 
An examination of this table will reveal the fact that Sis made only 
six diffeient series of lesponses following learning, and that m most 
of these at least the first thiee responses were correct. During the 
last 50 trials of this period there appeared only three different senes 
of lesponses, R R L L, R R L R, and R L L L, which occurred 18, 
19, and 11 times, respectively In ochei words, during hei last 50 
trials, Sis responded R R L 39 times, and R L L only 11 times. In 
the same SO tiials the fourth response was R 21 times, and L 29 
times The reason that Sis^s difficulty shifted to response four 
follo\ving learning is uncertain. Preceding learning the lesponses 
for both subjects were learned in the order 1-3-4-2 At the time 
work with Sis discontinued responses were being fixed with Iier in 
the Older 1-3-2-4. In both of these aiiangements it will be noted 
that the odd-numbered responses gave less difficulty than did the 
even-numbered responses. 

Altogether in the 650 trials of all thtee monkeys the only series 
of responses to be made more often than would be expected by 
chance R R L RRLL, RL L Rj and RL LL It will 
be noted that in all of these series the fiist and third responses are 
correct Senes L R R L and L R L R never occuried, and senes 
L, R L L and L R R R occurred only once and twice icspectively. 
In all of these latter senes the first response is wrong The relative 
order of difficulty of the four responses in the series R R L L ap¬ 
pears to be, from easiest to most difficult, 1-3-4-2, under the condi¬ 
tions in the present experiment 

2. Controls, After Bones demonstrated mastery of the problem, 
certain tests were undertaken to determine whether his double alter¬ 
nation of responses depended upon cues he might be leceiving from 
the operation of the apparatus The only possible source of external 
cues appeared to lie in the operation of the doors of the maze, since 
no tiling else was changed thioughout each trial. To test this possi¬ 
bility the following controls wcie mtioduced' 

(1) The side doois were open thioughout the entire trial, 

(2) The fioiu doois wete open throughout the cntiie tiial 

(3) All four doors were open throughout the entire trial 
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Contiol 1 was iiuiotluccd aftei Hones had lUii six coircci tnals in 
succession Honcs's responses wc*io all coirett diiiint^ the tiial in 
which tlic /list control was iiiiioduLed. llii^ indicaU'd tliat llic 
operation of the side doois pl.ncd no (■‘'sentnl p.irl in drtrrniiinn^; 
the double alternation of ics^on^e l)V this subject. After llnee addi¬ 
tional practice trials, all of which weic unrret, Cuntinl 2 w is in¬ 
troduced. Hones would not woik on tins day, hut his two u'spunses 
were L 'rhc\t was sovm ^^ncstum sslictUcv tlve second U‘>pnasc 
xvas L because of hts lack of himt^ci and refusal to work, ni because 
the fiont doois \eeie open and he was (lisliiibed.^ .Sis, liowii'ci, had 
also refused to woik on tins day, I look the animals foi a short 
walk through the laboratory, and then reiuuie<l to the expenincnt.il 
room foi anothci pair of trials Sis refused to woilc in hei second 
time in the nia^tc, and Hones mtiU R hut did not come to P\ It 
therefoic seemed likely that Hones had not been distuilicd bv ibe 
opeiation of the fiont doors, but latPici by his lack of liungcr The 
point remained in question, lunvever, until tlic second (.onliol was 
tried agfun after three moie coircct practice trials, 'rins Lime the 
responses were all coirect under the conditions of Control 2 'riuis 
it appeared that Bones was not dependent upon t!ir operiillon of 
cither the side oi the front doois in oidcr to peifonn eoiiectly 
double alternation. 

As a final check upon this point, Hones was given three more 
practice trials, all of which weie coricet, and wa*^ then tested iindci 
the conditions of Control 3, in which all the ma/.c doors were open 
throughout the entire trial. Duiing this trial, so fai as f could 
detect, tlicre wcic no sounds except tliose made by Honrs binisclf. 
He ran without hesitation at his usual slow steady gait R R L L, 
During this tiial I leaned forward m such a way that I was not in 
the subject's view, even if he could liavc received visual stimultition 
through the mirrors from the experimenter's portion of tlic room. I 
watched his responses through the observation liole and noted that 
he did not even glance m my general direction wliile in the cciitci 
alley. Altogether this made Bones's eighteenth conccL tnal in suc- 


^It may be noted that in Controls 2 atid S a new element is iniimbiccil into 
the temporal maze situation. This consists in n new bifiiication uf the 
pathway when the front doors of the ma/e arc left open thioio^lioiit a lri,il 
In practice this situation caused no difhcuUy in that the subjects wmU up ibc 
central alley upon leaving either front section, even tliougli they could have 
gene into the opposite front section of tlic maze. 
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cession, His peifoimance of two moie conect trials following the 
introduction ot the shock grids has been described above. 

The fact that Bones^s double alternation of responses was la no way 
affected in these contiols indicates that he was not dependent upon 
external cues in order to perform the problciti coirectlyt A further 
evidence of this point is the fact that he could miss 10 days work 
(duimg the introduction of the shock grids) > and still perform the 
problem correctly in spite of the distraction inherent in the new 
feature of the appaiatus encounteied at that time There can be 
little doubt that Bones had mastered the double alternation problem, 
RRLL, 

3, Exiension of Series Neither subject was tested on a trial 
containing more than four responses duiing this experiment This 
proved impossible with Bones because of his habit of not completing 
his fourth response regulaily, and because of the fact that the in¬ 
troduction of shock did not secure continuous walking with him 
On his eighth cotiect trial, after he had finished his four regulai 
responses, Bones opened the left fiont door before the wire door in 
the center alley was down He then went up the centci alley to Xj 
and responded R (coricct) This senes of five lesponscs was ac¬ 
cidental, but pi oved to be the only extension of responses in the entire 
expeiiment, and was consistent with double alternation. On three 
occasions following gioups of six and five correct successive luns 
I had planned to extend trials with Sis to eight responses On each 
of these occasions an erroi appealed m the first four responses, and 
for this reason the tiials were not extended Thus the question 
of whethei the monkeys could extend the double alternation of 
responses from four to eight lesponses lemained unanswered. 

4, Comp'i? ison of Monkeys and Ratcoous A compaiison of the 
monkeys' peifoimance m the temporal maze with that of Huntci^s 
raccoons (5) may be made only indiiectly This is due laigcly to 
the fact that the laccoons wcie tiauied for about 120 clays on eight 
1 espouses pei dav bcfoie beginning work on the foui-response piob- 
lem Piesumably the four-response senes is casici than the eigUt- 
1 espouse sciics, but two trials of foui responses each arc piobably 
not equal to one tnal of eight i espouses These points should be 
kept in mind while considciing the following comparisons Table 
7 picscnts a comparison of the raccoons and monkeys m terms of 
the numbci of conect responses m cadi successive group of 40 
1 espouses Column 1 gives an average tor the foui raccoons calcu- 
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TABLE 7 

Number Correct in Each Soccbssivb Group of 40 Responses’^ 


Average for 
raccoons 

Beat record of 
any raccoon 

Monkeys 

Bones 

Sis 

17 

21 

23 

17 

17 

18 

27 

1? 

19 

23 

26 

18 

22 

24 

25 

19 

20 

26 

25 

22 

16 

22 

28 

22 

18 

23 

30 

23 

20 

22 

29 

25 

20 

21 

40 

28 


21 of 32 

40 

27 


*Each group consisted of 5 trials for the raccoons and 10 trials for the 
monkeys 


lated from Hunter^s Table 1 (5* p* 381). Column 2 gives the 
best record of any raccoon for each successive group of 40 responses. 
The records of Bones and Si«i for a like number of responses are 
given in columns 3 and 4 respectively. The superiority of the pci- 
formance of the monkeys is dearly indicated. Two of the raccoons 
made groups of four correct responses in two and three trials, but 
tliese trials -vvere not successive. Bones’s record of 20 successive cor¬ 
rect trials IS far superior to this, but Sis made only one perfect run 
during this time. 

TABLE 8 

Number Correct in Each Successive Group of 20 Responses 


Hetin Sis 

(racooDO) (monkey) 


14 

9 

16 

14 

16 

13 

19 

13 

*^18 

4 of 4 

In groups of 
40 responses 
27 

24 

25 

26 


12 

13 

IS 

13 

14 

15 
15 
IS 
14 

3 of 4 

In groups of 
40 responses 

31 

32 
•32 

33 
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Table 8 presents a comparison of the woik of the raccooHi Hcnri^ 
on trials of four responses each, and of Sis for an equivalent period, 
Henri was selected because his performance was the best among the 
raccoons, His record is taken from Hunter^s Table 4 (5, p 385), 
Preceding the trials described in these records, Henn had been given 
121 trials of eight responses each and Sis had had 242 trials of four 
responses It should be borne in mind, however, that the effect of 
the first 104 trials for Sis was apparently lost aftei the introduction 
of the shock grids. At first glance the upper group of recoids indi¬ 
cates for Henri a performance better than that of Sis On the aver¬ 
age, however, then lecords are about the same In the lower group, 
Sis*s lecords are consistently better than tliose for Henu One reason 
for Sis^s record showing a rather consistent 75% accuracy score is 
that these trials just preceded her learning and her typical series of 
responses was RLLL The asterisks mark the gioup of responses 
during winch eacli animal met the criterion of learning. From this 
point Sis’s record continued to improve, while work with Henri was 
discontinued. In teims of groups of correct successive tnals Sis was 
definitely supeuor to the raccoons. 

Summary and Conclusions 

In the piesent experiment three young rhesus monkeys were 
trained in the same double alternation temporal maze used by Hunter 
with raccoons. During learning the subjects passed tlirough thiee 
stages, which were • (^) a ^'random" stage, marked by many extra 
moves through the maze; (/>) a stage of regular running, m which 
the typical series of responses was R L L R on each trial, and (e) a 
stage of hesitation prior to certain of the responses These same 
types of beliavior and these same geneial stages also appeared with 
human subjects in the second experiment of this senes. One monkey 
learned the problem R R L L m &0 trials and performed it coi rectly 
for 20 successive trials A second monkey learned the problem in 
315 trials, and performed numerous groups of from two to six cor¬ 
rect successive trials throughout the 185 trials that she was given 
following learning. An analysis of the relative difficulty of the four 
responses of each trial for these subjects shows that during learning 
the odd-numbered responses tended to be easy and the even-numbered 
responses tended to be difficult The responses in the series R R L L 
were learned in the order 1-3-4-2 by both subjects during learning 
Following learning the difficulty for the monkey who took 315 trials 
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to IcJiin shifted from the second to the fouifch response of each trial. 
After learning, this subject responded R R L during most of her 
trials, and the fourth response remained unfixed, but tended to be 
correct 

Contiols were uiLioduced with the subject who leained the piob- 
lem in 80 trials to determine if he were responding to cues received 
from the operation of the apparatus With all doois of the ap¬ 
paratus open throughout a trial and with no movement or sound in 
the apparatus, this subject was able to pcifoun tiie problem without 
hesitation or eiroi 

In the present experiment it did not prove possible to test any of 
the subjects on the extension of the double alternation of responses 
to seiics of lesponses of gieatei length than those upon which the 
subjects were tiainecl Shock grids weie introduced into the maze 
and during part of the expciiment punishment (electric sliock) was 
used instead of hunger to sccuic movement through the maze This 
proved to be unsuccessful with one subject and very successful with 
anothei. In geneial, the monkeys did not seem to be well adapted 
to maze woik in that their natural lesponsc when hungiy was not 
continuous locomotion, as is the Ctise with lats and raccoons. This 
fact led to the development of a new apparatus foi testing double 
alternation behavior, A description of this alternation box-apparatus 
will appeal in the thud paper of this scries. 

Data aic presented which make possible a compaiison of the per¬ 
formance in the tempoial maze of monkeys nnd raccoons. The 
monkeys demonstiatcd ability in the double alternation problem 
supeiior to that found for laccoons This is consistent with the 
results of Tinklepaugh (7), who found that the monkey is superior 
to the raccoon in the delayed leaction problem 
In lesponse to the quchtjons which this cxpeiiment sought to 
answer, the following conclusions may be stated* 

1 Monkeys can learn the double alternation of four i espouses, 
R R L Lj in the tempoial maze, and in its perfoimancc tliey aie not 
dependent upon external cues The peiformancc of monkeys in this 
experiment is siipejjoi to tliat thus far demonstrated for rats and 
raccoons in the double alternation tempoial maze 

2 Under the conditions of the picbcnt experiment it was not 
possible to deteimine whether monkeys can extend the double altci- 
nation of responses to senes of gieater length than those upon 'svhich 
they were trjiined The monkeys used in this cxpeiiment did not 
prove well adapted to ma 2 :c work 
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The former of these conclusions supports the symbolic process 
hypothesis advanced by Hunter (5) to explain the performance of 
double alternation in the tcmpoial maze It affords additional evi¬ 
dence that the double alternation temporal maze may be placed witli 
the delayed leaction experiment as another method of demonstrat¬ 
ing the presence of symbolic processes in human and infra-human 
subjects 

Y< 2 !e (J?iiversily 

New Havenj Connecticut 
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LR probleme de l’alternation double 

I LE COMPORTEMENT DES SINGES DANS UN LABYRINTHE 
TEMPOREL, A ALTERNATION DOUBLE 

(ResumO 

Get article lapporle la premiere d’nne sene d’expericnces qiii ont comme 
but line analyse plus etendue c!e I’alternation double dans scs rappoits avec 
les processus symboliques qui emploient les singes et les sujets humains 
On d entrain^ trois singes rhesus avec une cpieuve pai jour dans le memc 
labynnthc tenaporel employe par Hunter avec les latons Pendant I’appren- 
tissagc Ics siijets ont paas6 pai trois ctapes, lesquellcs ont et6 (1) vine 
etape “an liasaid”, caiacLensee par des moiivements supplementaires dans 
le labynhthe; (2) une 6tape tie parcouis ordinane, caiactcnsee par Ic com- 
poitement d’alteination simple, el (3) unc 6tape d’hesitation antencuie h 
ccrtaines des rcponscs Les singes ont appiis le piobleine, D D G G, dans 
80 et 315 dpieiives L'analysc dc la difficult^ relative des qiinlre lepoiiscs 
de chaque Cpieuve montre qiie pendant I'apprcnlissajxe les repoiiscs im- 
paires ont tendii h etre faciles, et les repoiises paires ont lendu h etie difliciles 
Les contrdics ont montr6 que Ic singe dans sn double alternation dc rcponscs 
n'a pas d6pendii des suggestions revues dc l'op6ration dc I'appaieii Ainsi 



72 


JOURNAL OP GENETIC PSYCHOLOGY 


on a trouv6 que lea singes sont siipcneurs aux rata et aiix ratons dans le 
labyrinthe temporel, A alternation double* Tinkicpaiigh a ironvd la mime 
habiletd relative chev Ics singes dans I’expcncnce de la reaction remise 
Lea resultata de cette exp^riencei le aujet dc cet article, soiitiennent la posi¬ 
tion adoptee par Hunter sur la relation du probleme de I’alternation double 
et I’exp^nence de U reaction remise, et Texplication de Tex^cntion du premier 
probleme en terms des processus symboliqnes, 

Gellermann 


DAS PROBLEM DER DOPPELTEN ALTERNATIVE I DAS 
BETRAGEN VON AFFEN IN EINEM ZEITLABYRINTH 
(TEMPORAL MAZE’) MIT DOPPELTER WECHSELFOLGE 
(‘DOUBLE ALTERNATION’) 

(Refcrat) 

Man erstaltet iiier Berlcht uber die crate einer Sene von Untersiichungen 
in denen eine weiterc Analyse der doppeltcn Wechselfolge in Be7ug auf 
symboli'^che Vorgange an Affen und an mcnschlichen Veiauchspersonen 
unfernommen wurde Es \^urden drei Rhesus Affen drcssiert, mit einer 
Probe per Tag, in demaelbcn Labyrinth das Hunter fur Waschbaren (‘rnc- 
coona') gebrauchte Wahrend des Lernens machten die Vpn drei Stadien 
durch, namenthch: 1) ein Stadium des Geratewohl (’a random stage’) 
durch uberdiissige Bewegungen durch das Labyrinth karakteiisieit, 2) 
ein Stadium des regelmnssrgen Laufens, durch einfaches Abwechslungs- 
betragen (‘alternation behavior’) karakterisicrt, \ind 3) ein Stadium des 
Zdgeina (‘hesitation’) vor eimgen gcwiBaen Rcaktionen Die Affen erlern- 
ten das Problem R R i Z» in ftO und 315 Proben Eine Analyse der rclativcn 
Schwiengkeit der vier Reaktionen jeder Probe zeigt, daas, wahrend des 
Lcinens, die mit imgeiaden Zahlen niimmcrotieiten Proben die Richtung 
hatten, Icicht zu sein, wahrend die mil geraden Zahlen miramerotierten die 
entgegengesetzte Richtung erwiesen Kontro|lproben haben erwle^cn, dasa 
sich der Affe in seinen Reaktionen mit doppelter Wechselfolge nicht auf 
Weiaungen verliess, die er durch dns Wirken des Apperats crhielt Die 
Affen erwiesen sich also in dem Zeitiabynnth mit deppeiter WeciiaeJfoige 
als Ratten und Waschbaren uberlegen Tinkelpaugh hat bei Affen im 
Experirnent mit verspateter Reaktioti (‘delayed reaction’) eme ahnliche 
relative Tuchtigkeit gefunden Die Ergebnisse des hicsigen Experiments 
bestatigen den Stand Hunter’s uber daa Verhaltmss der Problems der doppel- 
ten Wechselfolge zum Experiment mit verspateter Reakfion, und zur Er- 
klarung des Betragens innerhalbe des letzteren in seinem Zus am men hang 
mit symbolischen Vorgdngen ('symbolic processes’) 
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THE RELATIVE EFFICACY OF FORM AND BACK¬ 
GROUND IN A CHILD’S DISCRIMINATION OF 
VISUAL PATTERNS'^! 

From ihf Psychological Laboratory of the Vtii’versity of PUisburgh 


Norman L Munn and Bervl Rae Stiening 


Introduction 

The problems investigated in this experiment were suggested by 
Hunter^s (7) paper concerning the contiibution of the background 
to the discrimination of visual patterns He claimed that the animal 
tested In the usual discrimination apparatus ^‘Is confronted not by 
two 'forms' corresponding to the configurations of the opal glass, but 
. , what the animal sees is a triangle or a circle each in more or 

less of a square setting. Now I put this question/^ he continues, 
'‘If an animal is trained on diagiams 1 and 2 (a triangle on its base 
presented in a square background and a circle in a similar back¬ 
ground), is It any wonder that he breaks down when confronted bv 
diagrams 2 and 3 (the triangle is inverted in diagram 3)? The 
pioblcm would be puzzling to a human adult, unless he had been 
told to attend to triangulaiity 1’^ (7, p. 331 ) These comments by 
Hunter were diiected at an experiment of Bingham's. Bingham (1) 
trained his chick to discnminate a triangle from a circle After tins 
the inversion of the triangle led to a Joss of the power to discrim¬ 
inate, Bingham (2), in another paper, objected to Hunter's inter¬ 
pretation of the experimental set-up Bingham claimed that tlie 
forms did not appear m rectangular backgrounds, but were sur¬ 
rounded by a halo ot light, the rest of the pattern being dark He 
also suggested that “shape” and not “form” discrimination was ob¬ 
tained ju his experiments. By “shape” he meant a differential dis¬ 
tribution of light. He says, “It is not to be denied that a triangle 
with vertex up differs from a triangle with vertex down But we 
can scarcely say that they arc two different forms They are both 


♦Accepted for pubbeatjoji by Walter S Hunter of the Editorial Board 
and received m the Editorial Office, June 13, 1930 
The authors are indebted to Mrs J O^Connor who allowed them to use 
her child for this investigation They are also indebted to Prof. F H 
Stiemng for the drawings 
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triangles, yes, more than that, they arc equilateral triangles. Where 
they differ is not in forin but in shape. When the extended base of 
the triangle is so placed as to stimulate die region of the retina 
which was formerly stimulated by the vertex of the triangle, a con¬ 
dition occurs similar to that pointed out regarding Lashley^s ‘forms’: 
the forms remain identical, but the lines of maximum and minimum 
extension have interchanged This fact led me to conclude . . . that 
the apparent reactions to /orw are the result of keen perception of 
size differences I might have said they are due to perception of shape 
differences. - Not ‘the peiception of form,’ therefore, but the per¬ 
ception of shape ‘is based precisely on the unequal stimulation of 
different parts of the retina’” (2, p, 140) Miss Washburn (14) 
claimed that no animal could discriminate form in Bingham’s sense 
unless It possessed a capacity for forming abstract ideas. 

Coburn (4) and Watson (5) have obtained discriminative behavior 
which was not distuibed by an inversion of the positive stimulus, a 
triangle, These results, liowever, since the experimenters did not 
determine the efficacy of the ^Uiegafivo** stimulus, cannot be accepted 
as evidence of form discrimination In Bingham’s sense. Weidensall 
(16) and, recently, Munn (10) have shown that the positive*' stim¬ 
ulus may be entirely uneftectivc Munn (10) has been able to 
demonstiate good discrimination of “shape” (in Bingham’s sense) in 
the chicken He could find no evidence, however, of a discrimina¬ 
tion of form per se. His results are theicfore in conformity with 
those of Bingham. 

The present experiment concerns two problems (a) Docs the 
shape of the background on which a foim appears contribute any¬ 
thing essential to the accuracy of discrimination^ This problem, it 
appeals to the writers, is of paiamount importance to the method¬ 
ological assumptions of the Gestalt psychologists, as well as to tlie 
technique of animal experimentation m the field of vision, (b) Is 
It possible to obtain in a young cluld the discrimination ot foim 
per se that could not be demonstrated in the chicken 

A number of experiments have been conducted to discover the 
efficacy of color, form, and ceitain types of abstiaction in the dis¬ 
criminations of children (3, 5, 6, 8, 9, 11, 12), but they have little 
bearing upon the present problem. Most of tliem involve the prefer¬ 
ences of children of different ages for coloi or form Our expeii- 
ment did not involve preference The subject was trained under 
conditions comparable to those used in animal discrimination 
experiments 
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Volkelt (13) has made the statement that perception for the child 
js in terms of wholes fiom which, in the growth piocess, the so- 
called parts” are discriminated relatively slowly Other tlian this, 
we could find no lefcrences m the Ifteratuie winch seemed to bear 
directly upon oui problem Wever (17) has summarized the litera¬ 
ture pertaining to figure and giouiid in human pciception of form, 
but tliese studies have been phenomenological instead of objective 
m nature. 

Apparatus and Method 

An appaiatus, m older to satisfy the lequiremeiits for such an in¬ 
vestigation as the one suggested above, should have the following 
chaiactcristics: (^) It should offer the possibility of presenting two 
configurations towaid wJiich the child might make an objectively 
measiuable diffeiential lesponse. (i) It should offer the possibility 
of lewaiding the subject after a correct icsponse and of punishing it 
after an incorrect lesponse, oi a combination of the two (c) It 
should oftci the possibility of an independent control of the form 
stimuli and the backgrounds upon winch they appear, (d) It sliould 
make possible a control of all cues extraneous to those coming from 
the forms oi pattems 

Tlic apparatus which we used in this experiment satisfied all of 
these lequnements It consisted of a. box with two doors of equal 
size xvhich were hinged at tlie top so that the child, by means of a 
small knob, could raise either of them The configuiations to be 
disciiminated appeared on these doois When the child raised the 
correct door he was rewarded by finding a piece of chocolate im¬ 
mediately behind it. If he made an incorrect response he was pre¬ 
vented fiom obtaining any chocolate until the next tiial This 
delay acted, m a sense, as a punishing factor. It was possible to 
change the background upon which a form appeared without m any 
way changing the form itself One could also make any changes m 
the form without changing the background upon which it appealed 
The configurations could be changed from side to side in die a]>pa- 
ratus in a chance order so that the subject could not icspond to their 
relative position All factors such as olfaction, audition, etc , could 
be prevented from contributing to the disciimination These con¬ 
trols will he described later Foi the use of otheis who may wish 
to duplicate the present apparatus the following detailed specifications 
are presented. 
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FIGURES 2-6 

PLAJf View or Selecttv^ Lockiktc Mechanism 
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Spccjiicjitjong 

The apparatus Js diagrammaticaJly picscnted in Figures 1-6. It consists 
ease^itially ol an upper compartment and a lower compartment, both con- 
stiucted of wood The lower comp a it meat, B, is provided aicicly to ele¬ 
vate the stimuli to .i convcaicnt height from the flooi* It may be ^niied m 
height to accoid with the heights of yaiioiis subjects It was lower than 
the line of vision because the child was lequiicd to take the door by the 
knob and, bj" reaching upwaid, tn piisli it open If it had been lughci he 
could not have reached high enough The top compartment, A, which is 
detaclinble from the lower one, is held in position by means of foui wooden 
blocks, Gj fastened iigidly to JJ This top compartment is divided into two 
parts of equal ditnciisions Each of these divisions is covered by a door, C, 
lunged at the top by means of two lunges, Each door is grooved, as 
shown in Figure 1, to peimit retaining of a sheet of opal flash gliJ*"?, D, 
aiich that the entire opening is coveicd by the glass After the glass is 
inscitecl into the frame we have a uiufoun white aiea in each dooi This 
area is 10 x 10 inches We used glass because it reflected Jight well and 
because it could readily be cleaned 

The right-hand frame of the right door and the left-hand frame of the 
light door have slots extending completely through them to peimit entrance 
and retention of the opal flash glas*? Each dooi was piovided with a 
ball-bearing spiing arrangement to be described presently There was a 
knob, Fj at the bottom of each door> 

The two divisions of the lop compartment were divided by means of a 
panel, f/, to which a selective locking device was fastened, This device 
consisted of two brass plungers, K and K\ whicb pass through holes in the 
wooden panel, ?/, the center of the hole m the eyc-screw, L, coming in 
alignment with the centci of the hole through which the plunger moves. 
At the back of each plunger was a steel ‘ipring, jV/, so arranged as to apply 
pre'isure to the plunger and push it through the eye-screw until arrested by 
the brass collar. Figure I shows two possible positions of the plunger 
When both doors are closed both plungers are in the sar^e position, i e,, 
withdrawn from the eye-screw& As soon as one door is opened, how¬ 
ever, a plunger shoots through to the other door and automatically locks it 
This device is further illustrated in Figures 2-6 Each door, it will be seen, 
is provided with a brass cam-shaped finger, N (Figure +), which straddles 
the plunger and is bO ananged that when the door is being closed the 
finger will pass between the collars shown on the plunger, K The cam 
shape of this finger is such that as the door U further closed the movement 
of the fingi^r between the collars will act agaiiibt the spring, Mj and tlius 
withdraw the plungei from the cye-screw Wb<'n the right-hand door has 
been opened the left-hand door is locked as illiisttatcd in Figure 2. When 
the left door has been opened the right-hand door, represented in Fi^ire 5, 
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IS similarly locked When both doors are closed simultaneously the locking 
device is as illustrated in Figuies 3 and 6 

Each door is snapped securely m place by means ot a ball-beaiing spimg 
latch (J in Figiiie 1) which engages with the plates fastened to the loiver 
compartment, B This is to insure that the eye-screw will always be in 
alignment with the bole through which the plunger woika 
The entire apparatus was given a double coat of black lactiuer in older 
to secure an even finish 

In Figure 7 are represented the configurations which wcie, from 
time to time, piesented in the 10 x 10-inch openings of tlie doors of 
the uppei compartment of the apparatus The pieces of opal flash 
glass which shd into the giooves in the doois were 11^ x 10^ 
inches, Two pieces of black ticket cardboard were cut to the same 
dimensions as tlie opal flash glass so that botli could be slid into the 
doors togetlicr In order to obtain the white backgrounds upon 
which tJ)c forms appeared, we merely cut nn opening of the desired 
shape in tlie black caidboard. The forms which appeared in the 
centers of the white backgrounds were cut from the same black card¬ 
board and glued to the center of the glass. The area of the white 
surfaces onto which we glued the forms was 36 inclies. 

The subject was a healthy, seemingly intelligent, male child of 
15 months of age at the beginning of the experiments. He was per¬ 
mittee] to examine the apparatus without lestriction, and a small piece 
of chocolate was found in each compartment. During this piehminary 
procedure the patterns were not exposed. 

We then exposed the patterns to be discriminated. The appar¬ 
atus was placed in a fixed position so that both stimulus patterns 
were equally illuminated by a light placed about 6 feet above tlic 
apparatus and slightly m front of it Dark blinds shut out illumina¬ 
tion that could not be controlled From the playroom m which the 
apparatus was placed a narrow hallway led to another room While 
the patterns were being changed in position according to a chance 
order the child was playing hide-and-seek in the otlier room. As soon 
as the apparatus was ready and a piece of candy and a bright colored 
ball had been placed in the correct compartment, the child was 
brought from his ^'hiding place’^ (he was made to think that he was 
playing a game in which lie was to hide so that the experimenter 
could not find him) along the hallway to the entrance of the experi¬ 
mental room The experimenter said to the child, "Go and get 
choc," and the child pushed the door open and entered the room, 
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making his discjimtnaiion while the efi^pemncnter remained oreside 
of the too?n at the dooiivay Upon opening the dooi of the lOom 
the child was confiontcd by the appaiatub and had merely to go 
stiaight towauls it. 

To control the possibility of olfactory cues candy was sometimes 
placed in both compai tments. A piece of candy was kept m both 
compaitments while the appaiatus was not in use Since the visual 
stimuli weie of equal area and hiightness, these factors were ade¬ 
quately controlled The chance seucs of piesentation was rnadc up 
eveiy day just preceding* the expeiiment. Particular caie was taken 
to see that the child could not disciiminatc on the basis of a position 
habit. Although the experimenter was at the clooiway of the room 
while the child was making a discrimination! and the child very 
seldom looked back at the experimenter, we had a strange peison who 
did not know the nature of the problem luii tlie subject for a number 
of trials ^at crucial points in the experiment Care was taken to see 
that there was no difference in time between the trials m which the 
series called for a change m position of the stimuli and the tiials in 
which the stimuh weie not changed in position. Other contiols con¬ 
sisted in changing the glass and In the introduction of the same forms 
cut from fresh cardboard. These conttols effectively eliminated the 
possibility that extraneous cues were influencing the discrimination. 

Ten trials were given daily, and a record of the correct responses 
and the time elapsing between the opening of the dooi of the experi¬ 
mental room and the door of the apparatus was kept The time 
record was not of much use, since it varied gicatly even during the 
training senes, We thought, however, that it might be used as an 
indicator of disturbance when we came to oui controls We ob¬ 
tained good coopeiatioii from the child thioughout the experiment 
No instiuctions other than and get the choc’^ were given at any 
time Between each day’$ trials the apparatus was locked m a closet 
so that the child could have no contact with it except while the ex¬ 
periment was in progiess We adhered to this method throughout 
the entire investigation. 

Experiment I 

In this experiment we wished to discover whether a discrimination 
between such patterns as those presented in Figiiie 7, Combination 1, 
would disintegrate when the backgrounds upon which the forms ap¬ 
peared were changed m form We also wished to deteiminc whether, 
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after n cliscninination had been obtained, the accuracy of discrimina¬ 
tion would be affected by changes m the relationship existing be¬ 
tween the patterns or forms, i e,, by changes of the negative stimulus, 
by inversion, etc. 

The backgrounds upon whicli the forms appeared were composed 
of elements of equal area and brightness The white backgrounds 
were 36 square inches in area The inner black forms were both 2 
square inches m area 

During the first 100 trials of this expeiiment candy was the only 
reward. After the 100th trial we added a bright colored ball. The 
locking device was also introduced at th/s point because we found 
that the candy was too easily obtained after an incorrect response 
The child merely had to tiv the other dooi after making an incorrect 
lesponse Under the new conditions he did not get any candy except 
when the response was initially coriect 

The results of this experiment are piesented in Tables 1 and 2 

TABLE 1 

Positive Stimulus a Cross ohf a White Dmmohd Background, Negative 
Stimui.us a Square on a Similar Background 
(See Figure 7, Combination 1) 


Trials 

% correct in 50 trials 

Remarks 

50 

42 


100 

30 


150 

52 

Locking device first used. 

200 

72 


250 

58 

Subject ill 

300 

72 


350 

82 

Locking device discontinuetl. 

400 

100 



(A learning curve was constructed from these data but since it is 
of the conventional type its presentation here seems unnecessary.) 
The discrimination, when finally mastered, was maintained with a 
high degree of consistency When the locking device was introduced 
the child soon became so conditioned that lie never, after an incorrect 
response, attempted to open the other door We then discontinued 
the use of the locking device. The controls now to be described are 
presented in Combinations 2-11, inclusive, of Figuie 7 The results 
are presented in tabular form in Table 2. The following arc the 
controls and lesults. 

1 The C10S3 was tinned 45“ to see whether its position in the 
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FIGURE 7 

The COMHiNATiONB Or Stimuli Which Were Feesented Hi the Dcors or 
THE Apparatus 

In the first colurtin the right-hand forms are positive This is true of Com¬ 
binations 8-n The left-hand figures ere positive from Combinations 12-1S 
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TABLE 2 

CoNTRois Used in Experiment I 


Stimulus combination 

(Figure 7) No of trials % correct 


1 

last 

50 

100 

2 


10 

100 

3 


14 

93 

4- 


10 

100 

5 


10 

100 

6 


10 

100 

7 


10 

too 

8 


10 

90 

V 


12 

83 

1 

(positive and negative leverscd) 

12 

58 

10 


10 

40 

11 


10 

30 


total configuration had anything to do with the accuracy of discrim¬ 
ination (2, Figure 7) It will be seen from Table 2 that the accuracy 
of response during this contiol was 100% in 10 trials 

2 The square (negative form) was clianged to a circle of equal 
area and brightness (3, Figure 7). If the subject had been 
reacting to the negative pattern and not to the cioss, he should now 
have broken down If the response weie to a cross-versus-a-square, 
the new situation, cross-versus-a-circlc, might be di5&concerting Out 
of 14 trials, however, he made but one incorrect response. This error 
occurred as follows* Until the fourth trial he apparently did not 
respond to the circle On the fifth trial he stopped suddenly, looked 
at it, and opened the dooi on which it appeared. After this he did 
not again attempt to open the door on which it appeared. 

3, The diamond-shaped backgrounds were now changed to cir¬ 
cular ones of equal area and brightness (4, Figure 7) The cross 
was still the positive stimulus and the square the negative one The 
child*s responses weie all correct m 10 trials, and the time interval 
between opening the door of the room and opening the door ot the 
appaiatns was no longer than usual 

4. The backgrounds were again changed, tins time diffeiing from 
each other (5, Figure 7) The backgrounds were triangular and 
differed from each other with respect to the positions of thcii apices 
In one trial the cross would appear on one backgiound and in the 
next tiial on the othci background accoiding to the seiics of picsen- 
tation In 10 trials all of the lesponses were concct, and the time 
for making the iespouse was no longer than in the training senes. 
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5. The backgrounds ^yere again changed (6 and 7, Figuic 7). 
The results for 10 trials were still unaffected by the change. It 
seemed apparent from the controls so far earned out tlmt the child 
was reacting to the cioss as such, and not to the total configuialioii 
of the stimulus on one door nor to the relationship existing between 
the foims We now wished to discovei what the child woiild Jo 
when we eliminated the cross and substituted a new foim 

6 The cross was now changed to a circle of equal area and 
brigJitjicss (8, Figuic 7). Tins, m its diamond background, was 
considered the positive stimulus. Exposed to this combination, the 
subject hesitated, closely examined both doois, and apparently leacted 
to the square m a negative fashion, for he lesponded with an ac¬ 
curacy of 90% in 10 tiials, 

7. We now attempted to make the total situation diffei to a 
greater extent by using as tlie positive stimulus, a diamond, the 
square turned thiough 45", in a diamond bactcgiound As negative 
stimulus we used a circle in a diamond backgiound (9, Figure 7) 
The subject responded to the positive door the first time After 
tliat he made two errors. He then responded coiiectly for 9 trials 
in succession. Out of 12 trials, then, his accuracy of response was 
83% Since the situation was almost entirely new, it seemed that 
he was either responding to extraneous cues or had been conditioned, 
in a remaikably short time, to the new combinations 

8. The original combination (I, Figuie 7) was now replaced. 
The relationship to reward, however, was reversed The candy and 
hall were now placed in the compartment covered by the configuration 
containing the square "We wished to determine whethei such a 
reversal of conditions would demonstiate any evidence of habit in¬ 
terference from the previous training series. If such weie the case 
It would seem that the subject had indeed been responding positively 
to the cross and negatively to the square in om original set-up His 
responses wcie 58% correct in 12 trials He responded to the cross 
for the first 5 trials After this he made all of hib responses to the 
squaie. In this situation, then, he was not as readily reconditioned 
as in the combination above (9, Figure 7). However, tlie fact that 
the child could so readily be conditioned was somewhat surprising 
We decided, therefore, to make a crucial test to see whether any 
extraneous cues were effective elements in the disci imination 

9. In the first place, we removed the forms from the centers of 
the diamond backgrounds (10, Figure 7), thus offering two con- 
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jfigurations which could not be discriminatecl except on the basis of 
secondary cues The cmdboaid which had served to form the back¬ 
ground of the positive configuiation in the original senes was still 
changed from side to side m a chance order, the chocolate and ball 
being placed behind it* The child only made 4 correct icsponses in 
10 trials. In the second place, we removed the cardboard areas, 
thus leaving nothing but the opal flash glass (II, Figure 7), The 
candy and ball were placed behind the sheet of glass that was ar¬ 
bitrarily designated the ^‘positive stimulus Only three out of 10 
trials wcie correct It is evident, theiefoie, that the child had been 
responding to the foim aspect of the patterns and not to extianeous 
factois. 

These lesults can be summarized as follows: 

1 The positive stimulus (cross) was responded to with 45" 
rotation, with 5 changes in backgiound, and with 5 different negative 
stimuli, 

2 The negative stimulus was an effective element of the total 
situation only in Control 8(8, Figure 7) where tlie positive stimulus 
was an entirely new one 

3 When an entirely new situation was piesented the child 
demonstrated that it could very readily adjust by making correct 
discriminations 

4 Controls of various kinds unequivocally demonstiated that 
the child could lespond to form ppr se. The subject responded to 
the foim regardless of the retinal distiibution of light emitted by 
it and regaidless of the background upon which it appeared This 
would seem to be the only experimental significance of Washburn's 
‘‘abstract idea” of foim. She said, in reviewing Blngliam’s experi¬ 
ments with the chicks, “Bingham^s chicks disciiminated between a 
circle and a triangle when tlie apex of the triangle was on top, but 
since this discrimination broke down when the circle was presented 
with a triangle whose base was uppermost, the chick failing to 
clioose the tiiangle, Bingham concludes that the cluck was not react¬ 
ing to toim diffciencc, but to ‘the unequal stimulation of different 
parts of the retina' The reviewei would conclude latlier that the 
chides were not possessed of an abstract idea of triangularity A 
triangle with apex up is a different form from a triangle with apex 
down, the two have m common only the abstract quality of thicc- 
sidedness” (14, p 320). 

Although wc had faiilv good evidence ol a disciimination of foim 
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per se? we thought that it might be better to retrain the child on 
a problem involving t]ie stimuli used in Bmgham’s experiment and 
thus obtain further evidence on this point This constitutes our 
second experiment. 

Experiment II 

The stimuli presented m this experiment were a triangle on its 
base and a ciicle of equal area and brightness, each located in the 
center of a squaie black background. Both the ciicle and the tri¬ 
angle weie 4 squaic inches in area The tiiangle was the positive 
stimulus m this combination (12, Figure 7) The forms were 
now white instead of black The subject was unable at first to dis¬ 
criminate coirectly. But he learned to do this within 30 tiials. He 
Wiib then given 30 furtliei trials, all of which were correct. 

The triangle was now inverted (13, Figuic 7) in an effort to 
throw light upon the question raised by Washburn and Hunter. 
Hunter (7), it will be lecalled, thought that such a change in con¬ 
ditions would be puzzling even to a human being unless he had been 
told to respond to tiiangulanty, Our child, of couise, was told 
nothing. (As a matter of fact, he could hardly speak himself.) The 
inversion of the triangle did not disturb the behavioi which was 
100% correct in 10 trials. After this a diamond of equal area and 
brightness was substituted for the negative stimulus (14, Figure 7) 
in an eftoit to determine whether or not the original negative stimulus 
was effective in controlling the disciimmation Again the lesponse 
was 100% correct in 10 trials Both stimuli were now made identical 
(15, Figuie 7), and the reward was placed behind the piece of card¬ 
board which had served as the positive stimulus in the tiaining series. 
The responses were only 30% correct in 10 tiials 

Although these controls were those suggested by Bingham, Huntei, 
and Washburn, and the child had still discrtniinated, we did not 
yet have absolute evidence of a tliscrimination of triangularity per 
se. It is possible that the child became conditioned to the triangle 
on Its apex while responding to the negative stimulus m Combination 
13, Figure 7. (The positive stimulus might have represented a new 

“The child, during the training period and thereafter, occasionally pointed 
at everyday objects in any way resembling a cross and responded by the 
word ^‘choc” His mothei reported this .ind both writers obseived it at 
different times, He once pointed to a crucifix over his tnother^s bed and 
said, “choc*’ This was additional evidence of a conditioning to form 
per se 
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situation so that the child was thiown back onto a negative disciim- 
ination of the circle While disciiminating thus for 10 trials he 
might have become conditioned positively to the new position of the 
triangle so that, when the negative form was changed^ he continued 
discriminating the triangle on its apex ) Although this was a rather 
remote possibility, we thought it advisable to control it So six 
weeks after the experiment had been completed, we retrained the 
subject on Combination 12, Figure 7 Thiity trials were necessary 
to recondition him to the tiiangle on its base After he had made 
30 coricct responses in succession we inverted the triangle and 
changed the negative stimulus at the same time (14, Figure 7). 
The child maintained his discnmination of the triangle with an ac¬ 
curacy of 100% in 10 tiials This series of evidence is indubitable 
proof of a response to triangularity per se. 

Conclusions 

1 It was possible, bv means of perfectly objective methods, to 
tram a child to disci iminate between a number of forms and pat¬ 
terns piesentcd visually in a discrimination apparatus 

2 It was found that the shape of the background on which the 
form appeared was not an effective part of tlic stimulating conditions 
The evidence shows that the child responded to a part, rather than 
to the whole configuration This does not conform to the statement 
of Volkelt (13) mentioned in our introduction Nor is it in con¬ 
formity WJtli the contention of the Gestalt psychologists to tlie effect 
that animals respond always to a total situation Our results do not 
support the contentions presented in Hunter^ (7) paper, but they 
do indicate the necessity of controlling both the factors of figure and 
ground before detailed conclusions can be drawn In a paper to 
appeal shortly (10) the same phenomenon in chicks is rcpoitcd. 
Their discriminative behavior did not break down when the back¬ 
grounds upon which the forms appeared were changed in form 

3. It IS interesting to note that a change m the negative foim (one 
contiol only) led to no significant drop in the accuracy of response 
Likewise a control of the positive form, so long as the negative one was 
unchanged, seemed not to disturb the child Thus the child responded 
posiiwel)^ to one form at one time, being unaffected by a change m 
the negative one, and responded 7iegalively to the negative stimulus 
when the positive form was changed This type of response has 
never been observed in anv other animal as far as the writers arc 
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awaie. The senioi author (10) was unable to obtain such a lesponse 
in chickens. 

+ Unequivocal evidence of a lesponsc to tiiangulaiity, to form 
per sBj was obtained Miss Washburn says that such a response is 
due to "an abstract idea of triangularity” Wc have pointed out 
that all that can be meant by such a statement is that form Is le- 
sponded to regardless of its position in space and the backgiound 
upon whicli it appears Of course we have not exhausted the num¬ 
ber of controls which might be earned out in this connection. An 
equilateial triangle was the only one used, whereas we might have 
used isosceles, scalene, and other types of triangles Our triangle 
was only turned ISO”, whcieas it might have been turned at other 
angles. The tuangle was always upright before the subject, whereas 
It might have been placed before him in a horizontally extended 
position, etc, A fruitful field for furthei reseaich is thus open It 
would be interesting, also, to repeat tins experiment with other pri- 
I mates as subjects, 
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L’EFFICACITfi RELATIVE DE LA FORME ET DU FOND DANS LA 

DISCRIMINATION DES DESSINS VISUELS PAR UN ENFANT 

(Resume) 

On a entrain^ un enfant, age de IS moia, an moyen dHm apparei! de 
cliaci'imination, k discriminci entre unc croix noire et un carre de la mcme 
aire et de la meme claite, les dcuv pr^sentes an centre dhin fond Wane, en 
foime de diamant Apr^a que I’enfant avait appiis h discriminer avec 
line exactitude de lOO pour cent, on a change de pliisicrs faQons la forme 
des foods, on a substitu^ des fotmes nouvelles h la forme negative, on a 
rcnveisc la forme positive, etc Aucim de ccs controlea n’a inflii6 sur I’exacti- 
tnde de la r^ponse Plusiers controles ont montrd que Venfant discriminait 
les formes et non les dessins qui comprenaient les foods sur lesquels celles- 
lA se trouvaient Apres qu’on avait entrain^ I'enfant h disciimmei entie 
un triangle (stimulus positif) et un cercle do la meme auc et de la mtme 
clarte, on a renverse le triangle L‘exnctUude de la reponse a dte toujours 
de lOO pour cent. La substitution d’line forme nouvelle au stimulus ncgatif 
do la sdrie de I’entrainement a auasi et6 sans effet Quand on a changd les 
deux stimuli en meme temps dc sorte qu'une reponse correcte ne pourrait se 
montrer que sur la base de )a forme tnanguJaiie, Tenfant a rdpondu avee 
line exactitude de 100 pour cent Dans toutes ces situations l^enfant a 
reponclu k la forme fa se Lc fond sur leqnel se montrait la forme n^a 
pus 6t6 on clement effectif de toutes Ics conditions de stimulation L’cnfnnt 
n‘a pas repondu k !n relation entre les deux stimuli II a fait la reponse 
en chaque caa a une forme sans dgard k sa distribution spatialc 

Munn et Stiening 

DIE RELATIVE V^IRKSAMKEIT VON FORM UND HINTERGRUND 
IN DER UNTERSCIIEIDUNG VISUELLER GESTALTEN 
BEI EINEM KINDE 
(Referat) 

Ein Kind von 15 Monaten wurde an einem Unterscheidungsapparat 
(Discrimination apparatus) geschult in der Unterscbcidung 7wischen emem 
schwaizen Kreuz und einem Quadiat von demselben Flacheninhalt iind dci 
selben Hclligkeit, bcide in der Mitte cines weissen, rhombus-formigrn 
Hmtergfunds dargeboten N.ichdem das Kind geleint hattc, in it 100-pro- 
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zentlger Genauigkeit zii untcracheidcn, 'VYurtlc <iic Poim der Hmtergninde 
auf verschiedene Weiaeii geitndert Es wnrdcn fui die negative Form neue 
Pormen substituirt, die positive wuulc uragckchit, u s w, Keine dieser 
Kontrollen beeinflusstc die Gctiauigkeit dei Rexiktion. Mehrcrc Kontiollen 
zelgterii dw das Kind die Formen unteraclued, und nicht Gestalten in 
denen die Hintergrunde woraiif sie crschie/icn mit embegriffen waren. 
Nachdem das Kind dressiert woidcn war, zwisclicn eiticm Dreieck (positi- 
ver Reiz) und emcra Kieis von dem selben Flachemnhalt zu unterschcidcnj 
wurde das Dreicck umgtkchrt. Die Genauigkeit dor Rcaktion war noch 
inimer 100% Die Substitution einer nouen Form fur den negativen Rciz 
blieb ebenfalla ohne Erfolg Wenn bcide llcize yu glcicher Zcit ao 
geandert wurden, dass die riclitige Reaktion nur auf Basis dcr DreiecKigkeit 
staitfindcn konntc, rcgierte das Kind mit eijner 100%igen Genauigkeit In 
alien diesen Situationcn regierte dns Kind auf Form per sc. Der Plinter- 
grund, wornuf dU Form crschicn war kem wirkungsvoller weaentlicher 
Bestandteil der gesammten reizbietcndcn Verhaltmsse Das Kind rcagierte 
nicht aiif das l^erfialtnis zwischen den beiden Reizen In jedem Fall 
reagicrte es auf eine Form olinc Bc/ug auf dessen raumlichc Anordnnng 

MuNN UNO SriEMINC 



MENTAL AND PHYSICAL MEASUREMENTS OF A SET 
OF TWELVE-YEAR-OLD QUADRUPLETS*^ 

Fravi the Fsychohgual Laboratones of Stanford University 


Shirley L Brintle 


The Problem 

The purpose of this study^ is to place on record a large number 
of physical, psychological, and educational measurements of a set of 
quadruplets^ four girls, aged twelve years. So far as the writer can 
leain, these are the first objective measurements of the kind that have 
been made of a set of quadruplets 

At least three important psychological and biological problems are 
connected with this study 

1 To determine, if possible, whether any two or more of the 
members of this set of quadruplets arc of the ‘hdenticaV^ type 

Twins aie known to be of two types, those developing from one 
egg, called duplicate or identical; and those developing from two 
eggs and called fraternal or non-identjcal. There seems to be a 
general agreement among biologists and embryologists that identical 
twins are very similar in mental characteristics as well as m form 
and features, and that they are always ot the same sex; also that 
non-identical twins may be cither of like sex or of opposite sex and 
need be no moic alike than oidinary siblings. 

2 To find the traits upon which landom environmental influ¬ 
ences liaye had the most effect. 

As soon as we are reasonably sure that two or more of the quad- 

^Accepted for publication by Lewis M Terman of the Editorial Board 
and received in the Editoiial Office, June II, 1930 

^0 all who have contributed to this article, whether by way of sug¬ 
gestions in matters of procedure or by more specific and direct assistance, 
I wish to express my sincere thanks I am deeply indebted to the Keys 
quadruplets and to Mr. and Mrs F M. Keys, their parents, for their per¬ 
mission and cooperation in making the study, to professor J W” Shepherd 
of the University of Oklahoma whose interest and persistence aided in 
collecting the data; and to Dr Leslie Spier who made the physical measure¬ 
ments Grateful acknowledgment is especially due Dr Barbara Burks 
Ramsperger of Stanford University for offering many valuable suggestions 
Jn the organization of the material Above all, however, I wish to acknowl¬ 
edge my indebtedness to Dr Lewis M Terman of Stanford University who 
directed the study and criticized the manuscript 
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ruplets arc identical then it will be necessary to find the traits in 
which they differ and the traits in which they are alike If we 
are able to find the traits in whicli they diftci wc may infer tliat the 
causes of these differences arc cnviionmentaL 

3. To trace the development of the subjects in the hglit of nntuie 
and nurture hypotheses 

Since in the study of twins the question of the relative influence 
of similar environment and of similar endowment is always a matter 
of controveisv, it is thought that the evidence obtained from the 
study of a set of quadruplets might throw some light on the naturc- 
nuiture pioblcm In the present study, as will be seen, it seems 
as if wc have both identical and fraternal twins that have had very 
similar general environment. If their general environment is con¬ 
ceded to be nearly identical, then it may be possible, by comparing 
the educational and intellectual status of the group, to find some 
evidence as to the relative influence of natuie and nurtuie upon 
mental development and achievement 

The Subjects 

The Keys quadiuplcts ate all girls and were born at Hollis, Har¬ 
mon County, Oklahoma, on June 4, 1915. At biith there were no 
injuries. Tlie order of biith was. Robeita, Mona, Mary, Leota 
The mother had had no previous pluial births, although there were 
four other children born prior to these The others were two boys 
and two girls aged 24, 22, 21, and 18 at the time of this study 

The mother was 33 years of age at the time of the birth of the 
quadruplets She was born in Texas, and her own mother had but 
two children, a son and a daughter. There is no record of any 
plural births on the motlier^s side. The father of the quadruplets 
was boin in Alabama and was 39 years of age at the time of their 
birth. He was one of twelve children, among whom was one pair 
of twins. The grandparents of the quadruplets were all white and 
were born m the United States 

Up to the time of the measurements, the children had lived in 
Hollis, Oklahoma, a small country town, and were vigorous, healthy, 
well-developed specimens of twelve-year-olds. Three of the cluldren 
expressed a preference for outdoor activities; Leota, the least de¬ 
veloped, for reading. 

Both parents were intelligent and cooperated in a friendly manner 
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m the study. The girls had been under their immediate care since 
birth The father was owner of a hardware business in HoLlis 
When asked how one might know them apart (Roberta and Mona 
have almost identical features), Roberta said* “I have a freckle on 
the right side of my nose and Mona has a freckle on the right side 
of her chin ” Leofa is entirely different in features from any of the 
Other tJiree With her blue eyes and blond hair she would scarcely 
pass foj the sister of the darker haired and brown-eyed girls. Mary 
also has very different featuies from any of the others; however, she 
bears noticeable resemblance to Roberta and Mona 
The qiiadiuplets entered the public school at Hollis at the age 
of 6 years and 3 months They weie promoted a grade each year 
and always had the sanae teachers At the time of the measuring 
they weic m the seventh grade The parents state that Leota has 
attended school the least number of days Our records for the last 
four yeais show the total number of days of school attendance for 
that period to be as follo^vs: Leota 659, Mary 673Mona 674j4) 
and Roberta 671 

Health History 

Birth weight* Roberta 3J4 lbs, Mona lbs 

Mary 4 lbs Leota 3 !bs 

There were no injuries at birth* All weic noimal, healthy, breast¬ 
fed babies 

Age 2 —^All of them had the whooping cough 
Age 3—Leota had pneumonia and was very seriously jll for a pe¬ 
riod of about three weeks 
Age 7—Mona and Roberta had tonsils removed. 

Age 10—All of them had the measles 
Age 11—All ot them had the mumps. 

Anthropometric Measurements 
On December 15, 1927, the quadruplets were subjected to a senes 
of 33 physical measurements Di. Leslie Spier of the University of 
Oklahoma took the measurements as prescribed by the late Dr Bird 
T. Baldwin (I)^, and in addition observations on their dentition were 

’"Dr Spier has attempted to follow Dr Baldwin's definitions of the meas¬ 
urements as given in his Physical Growth of Children and elsewhere^ but 
being uncertain as to his method of finding sitting height and stem length, 
he has taken sitting height alone by measuring first from floor to apex of 
the subject's head and immediately following with that fiom floor to chair 
seat^ subtracting the second from the first 
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TABLE 1 



Rohei ta 

Mona 

Mary 

Leota 

Order of hath 

1st 

2nd 

3icl 

4th 

IVeioht at bnih 

iYz lbs. 

4J^ lbs 

4 lbs. 

3 lbs 

Heiffht 

Standing (cm ) 

1514 

155 9 

1514 

145,7 

Sitting (cm ) (see above) 
Leuifth 

Sr>an of arms (emO 

75.3 

77 4 

75 5 

74.9 

149 2 

150 5 

148.6 

143 0 

Shoulder to elbow (cm*) 

Left 

29 0 

31 3 

30 3 

27.8 

Right 

28.8 

30 7 

31.8 

27 3 

Elbow to finger tip (cm ) 

Left 

40 3 

40 9 

40.2 

380 

Right 

40 4 

41 5 

40 3 

38 8 

Leg to top of hips (cm ) 

Left 

95 6 

97 0 

93 0 

89 4 

Right 

95 9 

96 3 

93.2 

89 4 

Face (mmO 

106 

110 

111 

107 

Width 

Shouider (cm.) 

31.5 

32,2 

32.3 

310 

Hipa (cm.) 

241 

24 9 

26.3 

23 2 

Face (mm ) 

114 

111 

112 

113 

Wiist (mm ) 

Left 

46 

49 

47 

46 

Right 

47 

48 

49 

46 

Chest width (cm,) 

22 3 

22 3 

25 2 

22 2 

Chest depth (cm ) 

16 7 

17 9 

164 

IS 6 

Diameter 

Head (anterior- 

posterior) (mm ) 

183 

182 

187 

178 

Head (transverse) (mm.) 

138 

140 

141 

136 

Head (height) (mm ) 

123 

130 

118 

116 

Circumference 

Head and hair (cm ) 

52 6 

52.6 

53 0 

51 1 

Chest (cm ) 

68,8 

71 8 

69 0 

63 5 

Hipa (cm ) 

71,0 

73 5 

76 0 

66 2 

Wrist (mm,) 

Left 

130 

133 

142 

131 

Right 

135 

135 

141 

130 

Upper arm (mm.) 

Left 

190 

198 

197 

184 

Right 

190 

198 

196 

182 

Upper arm flexed (mm ) 

Left 

203 

206 

208 

191 

Right 

202 

207 

204 

189 

Weight 

(with light indoor clothing 

and without shoes) (lbs ) 

31 

89 

96H 

73 

Indices 

Sitting-standing 

49 7 

49.7 

49 8 

512 

Cephalic 

75.5 

76 9 

75 3 

76 5 

Chest 

74 8 

80,1 

65 0 

70 3 

Growth of hair (axillae) 

none 

none 

none 

none 
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made All body measurements were taken over light indoor cloth¬ 
ing and without shoes The instruments used were a standard set 
furnished by Alig and Baumgartel The physical measuiemcnts and 
Di, Spier^s obseivations are as given in Table 1 

Erupted Teeth 

Full permanent dentition except third molais 
Full peiraanent dentition, including iippei left third molar 
only. 

As Roberta. 

Permanent dentition alone, except thud molars and upper 
left fiist bicuspid, the canines being erupted but below the 
occlusal plane, The uppei teeth are all small, the lower 
teeth as small as normal deciduous teeth 

Summary of Physical Data 

These quadiuplets arc very much alike in general build and ap¬ 
peal ance despite the differences now to be cited Robeita and Mona 
are so neaily identical in build and physiognomy as to be well-nigh 
indistinguishable Maiy icsembles these two closely in geneial ap¬ 
peal ance, although she is broader and heaviei These tliiee h.ive 
identical coloring, chestnut hair, brown eves, and well-pigmcntcd 
skins. Leota is distinctly smaller, although her geneial build lesembles 
that of the others, and is different in having quite blond hair, blue 
eyes, and a fair skin The general configuiation of the skull is the 
same in Roberta, Mona, and Leota Mary differs m that hei skull 
is not so high and has its maximum transveise diameter piopoition- 
ately lower than in the othei three The hair of all foui is much 
alike in form (straight), texture, and distiibution, despite the fact 
that Leota is quite blond 

The general physical development of thice of the girls is quite 
similar, despite the differences m bieadth and weiglit of MaiT. The 
dental data show Mona to be slightly more piecocious Leota has 
a smaller build and less advanced dental development Leota was 
the smallest of the lot at birth (by weight) She is also the only one 
who has ever had a serious illness, when thiec yeais old she iiad a 
very sciious attack of pneumonia which lasted thice weeks. She is 
also sedentary in Iier liabits in contrast witli tlie otJiers On tJic 


Roberta 

Mona* 

Maiy 

Leota* 
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Other hand, Mona, who had the greatest weight at birth, is now 
eclipsed by Mary, who at hath stood second m lanic. 

Roberta and Mona arc as neaily alike as identical twins usually 
are, Mary is hardly different fiom Roberta and Mona, while Leota 
is as diffeient from the others as siblings oidinarily differ from one 
another. 

Intelligence and Achievement Tests 

Three intelligence tests weie given to the quadruplets’ The Otis 
Sclf-Ad ministciing Test of Mental Ability, Intci mediate Examina- 



RoberU Uary Leoia 


MA 14-5 UA 13^ UA 12-11 MA 14-1 

iq U2 IQ ive IQ 93 1 ^ UO 

FIGURE I 

Profile Chart from Scores on the Stanford Revision of the 
Binet-Simon Tests 

Chionologicnl nge 12 years lO months 
Note Shaded portions bcpresent the correct answeis. Dots indicate the 
incorrect ans'vvcis> 
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Binet Otis National EQ 



Profile Showing IQ’s from Three Intellicfnce Tests and EQ from 
Stanford Achievement Test 


TABLE 2 
Otis Test Scores 

(Chionological age 12 years 5 months) 



Roberta 

Mona 

Mary 

Lcota 

Total score 

61 

52 

45 

59 

MA 

15^11 

16-1 

12-11 

15-5 

IQ 

128 

129 

104 

124 
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tion, Form A; The National Intelligence Tests, Scale A, Foim 3, 
and the Stanford Revision of the Ihnet-Siinon Intelligence Tests. 

Tables 2 and 3 and Figure 1 give the detailed icsults of the in¬ 
telligence tests Table 4 and Figure 2 give the scores on the Stanford 
Achievement Tests 

TABLE 3 

Nationm TntliiicpLNCe Test Scores 
(Chronological age 12 ycais 9 months) 


Test 

Roberta 

Score 

Mona 

Score 

Mary 

Score 


Leota 

Scoie 

1 

20 

IB 

16 


18 

2 

34 

34 

26 


34 

3 

42 

35 

29 


42 

4 

30 

31 

22 


26 

5 

30 

26 

16 


28 

Total 

156 

144 

109 


148 

MA 

15-S 


12-7 


15-2 

IQ 

123 

117 

99 


119 


TABLE 4 




STANrORD ACHlfiVfiMFNT TEST ScORFS (ForM A) 


(Age 12 yen IS 5 months Beginning seventh giadc) 


Test 


Roberta 

Woiia 

Mary 

Leota 

1 Hending Paragraph Meaning 

84 

76 

64 

86 

2 Reading, Sentence Meaning 

58 

57 

52 

62 

3 Reading 

Word Meaning 

68 

S3 


62 

Total Reading Score 

210 

186 

166 


4 ArjthmeMc* ComputatJon 

IfiO 

152 

128 

128 

5, Anthmetio, Reasoning 

92 

104 

96 


Total Arithmetic Score 

25+ 

256 

224 

236 

6 Nature Study and Science 

57 5 


49 

66 5 

7, History and Literatuie 

53 

52 

+2 5 


8 Language Usage 

32 

42 

47 

48 

9 Dictation Exercise 

170 

164 

150 

152 

Total Score 

77.5 

76 

67 

77 

Educational Age 

15-3 

15-1 

13-8 

15-2 


The results of the intelligence and achievement tests show veiy 
clearly that the quadiuplets developed noimally in both the mental 
and educational traits The scores of Robeita, Mona, and Leota 
were considerably above the norm for average childien of their age 
Also, their scores aie strikingly similar Maiy's scoies fall almost 
exactly upon the norms and there is a decided and consistent difference 
between her scores and the scores of the other thiee. Unquestionably, 
this difference is significant. 
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TABLE 5 


Complete Record of School Marks 
Third Grade 



Read 

Spell 

\ Writing Anth Gram, 

Mu 

Draw 

Roberta 

90 

90 

85 

90 


90 

80 

80 

Mona 

90 

90 

85 

90 


90 

80 

80 

Maiy 

90 

90 

95 

85 


90 

SO 

80 

Leota 

95 

90 

90 

90 


85 

SO 

80 


Gen 

Aver 

Days 

Pres 

Dcpoit, 

Promoted to 

Roberta 


86 

myi 

90 


4th 

Grade 

Mona 


86 

171 V 2 

90 


4(h 

Grade 

Mary 


87 

173 


90 


4th 

Grade 

Leota 


87 

169 


90 


4th 

Grade 




Fourth 

f Grade 






Read 

Spell 

Writ 

Anth Gram 

Geo 

D ra vv 

Phys 

Roberta 

95 

97 

86 

96 

94 

95 

85 

95 

Mona 

95 

97 

87 

92 

93 

95 

85 

95 

Mary 

9+ 

97 

89 

8+ 

91 

91 

85 

92 

Leota 

95 

90 

90 

90 

85 

93 

85 

94 


Days Pres 

Da vs Abs 

Deport 

Piomoted to 

Roberta 


168 

12 


95 


5 th 

Grade 

Mona 


168 

12 


95 


5th Grade 

Mary 


myi 

1214 

95 


Sth 

Giade 

Leota 


168 

12 


95 


5th 

Grade 




Fifth Giade 






Read 

Spell 

Writ Gtain Geo 1 

3 Hist 

Phya 

Anth 

Roberta 

99 

99 

89 

92 

96 

97 

93 

97 

Mona 

93 

99 

92 

92 

94 

94 

93 

97 

Mary 

83 

98 

95 

91 

93 

91 

90 

92 

Leota 

94 

98 

88 

96 

94 

92 

92 

92 


Gen Aver Days Pres 

Days Abs 

Deport 

Piomoted to 

Roberta 

95 


162 

18 


98 

6 th 

Gra d e 

Mona 

95 


162 

13 


98 

6th 

Grade 

Mary 

89 


163 

18 


95 

6th 

Gi nde 

Leota 

9+ 


150J4 

20 ^ 


98 

6th 

Grade 




Sixth Grade 






Read 

Spell 

Wilt Aritb Gram 

Geo 

s Hist 

Phys 

Roberta 

99 

99 

81 

97 

98 

98 

96 

97 

Mona 

97 

99 

85 

95 

98 

94 

94 

89 

Mary 

8+ 

98 

88 

88 

89 

88 

88 

68 

Leota 

95 

99 

S2 

S9 

93 

83 

92 

77 


Gen Avei Da^vs Pies 

Days Abs 

Deport 

Pjomoted to 

Roberta 

96 


170 

10 


97 

7th 

Giadc 

Mona 

93 


173 

7 


98 

7th 

Ginde 

Maiy 

S5 


171 

9 


9H 

7tli 

Giadc 

Leota 

90 


MVA 



98 

7 th 

Giadc 
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Table 5 givc'j a complete lecord of the school majks given to the 
four subjects in Grades 3 to 6, inctiisivc ATarks aie lacking below 
the tlnrd grade, as the Hollis schools did not keep permanent record 
of marks piior to the school ycai 1923-24» 

Since it is of general opinion that teachers’ marks are somewhat 
subjective, it is highly possible that thcie was a decided tendency 
among the teachers to give the quadiuplets the same or nearly the 
same school maiks. In spite of any such tendency, however, there 
is a closer resemblance between the scores of Roberta and Alona than 
between the scores of any other pair The rcaclei will notice that 
tile scoies of each for drawing and writing arc lower than the scores 
for other school subjects This may be due to the variation in the 
standard of grading The writer can give no explanation for the 
comparatively low maiks which were given m music m the fourth 
grade The quadruplets were considered accomplished to a fan de¬ 
gree in both instrumental and vocal music, and at the time of this 
writing were appealing in a musical program for a theatrical com¬ 
pany in the East 

The trait ratings for the quadruplet study on the physical, mental, 
social, and moral traits were made by four women who were neigh¬ 
bors and intimate friends with the Keys family since before the birth 
of the quadruplets* Also, they were piomment women in the social 
and political affairs of the town Two of them were the wives of 
successful business men. The otlicr two were former school teachers 
and at tlie time of this writing, one was the County Superintendent 
of Schools and the other the wife of a prominent physician Our 
subjects have frequented the homes of these women, who have thus 
liad excellent opportunity to compare them with each othci, with 
their own children, and with other children of the neighborhood. 

The trait rating blank used was the one prepared by Terman 
and Goodenough and used in the study of the one thousand gifted 
children as reported in Genetic Studies of Genius by Terman et al 
(2). The ratings were made on ten traits or charactenstics. The 
profile chart (Figure 3) gives a graphic representation of the mean 
rating for each of the subjects, 

Masculinity-Femininity Test 

The Terman-Aliles Masculinity-Femininity Test was tlie only per¬ 
sonality test given Six exercises of an experimental form of this 
test were given, The scores of each of the six exercises and the per- 
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FIGURE 3 

Mean Trait Raungs dt Four People 


104 


JOURNAL OF GENETIC PSYCHOLOGY 


centiles reached, in both masculine and feminine tiaits, are shown 
in T^iblc 6 

TAhLE 6 


MAScuLmirY-FcMiNiNriT Test Scores 



Emotions 

Roberta 

M* 

Ft 

Mona 

M 

F 

X 

Angci* 

164 

59 0 

14 2 

146 

30 5 

32 0 

2 

Feai 

241 

25 0 

42 7 

216 

15 0 

59 3 

3. 

Disgust 

300 

39 2 

20 0 

276 

21,3 

38 1 

4. 

Pity 

157 

76 i 

78 

ist 

72 5 

8 5 

5 

Wickedness 

205 

55,6 

191 

171 

12 1 

65 9 

6 

Interest m 
famous people 

193 

4 95 

73 11 

368 

1 98 

84 83 


Emotions 

Mary 

M 

F 

Leota 

M 

F 

1 

Anger 

160 

590 

14 2 

159 

59,0 

14 2 

2, 

Fear 

177 

25,0 

83 5 

215 

IS 0 

59 8 

3 

Disgust 

264' 

16 7 

23 8 

302 

39 2 

20 0 

4, 

Pity 

12S 

46 7 

26 0 

118 

15,0 

39,1 

S. 

Wickedness 

189 

322 

39 0 

201 

S2.2 

24,0 

C 

Interest in 
famous people 

429 

19 8 

41 18 

371 

1 98 

84 83 


*M, Percentile of masculinity as shown by test 

Example, Roberta is as masculine on Ex I as 59% of the boys and as 
feminine on Ex, 1 as H2% of the girls 
fP Percentile of femininity as shown by test 


TABLE 7 

Showing Frequency or Agreement on M-F Test 


Exercise 

1 

2 

3 

4 

5 

6 

Total 

Roberta 

and 

Mona 

21 

25 

16 

17 

31 

19 

129 

Roberta 

and 

Mary 

19 

16 

18 

n 

29 

21 

114 

Roberta 

and 

Leotn 

17 

18 

?5 

12 

31 

18 

121 

Mona 

and 

Mary 

13 

18 

22 

13 

34 

17 

116 

Mona 

and 

Leota 

16 

18 

14 

14 

39 

14 

115 

Mary 

and 

Leota 

18 

18 

16 

20 

37 

15 

124 
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Table 7 shows the numbei of times each pair of girls agreed on 
the six exercises of the Masculinity-Femininity test The possible 
score IS 278 

As an experimental foim of the M-F test was used, the data aie 
probably not very significant The scoie earned on a single exeicise 
IS known to be very unicliable It will be noted, however, that 
Roberta*s and Monads scores are more often in agi cement than those 
of any other pair 

Scholastic, Occupational, and Other Interests 

A four-page Interest Blank® was filled out by each of the quad¬ 
ruplets The first page called for ratings on the different school 
subjects according to piefeience and ease, the second page contained 
a list of 125 occupations to be checked so as to indicate vocational 
preference, the third and foiuth pages were devoted to data on 
leading interests, collections, interest m vaiious kinds of activities, 
and lecmds of accomplishments and of offices and honors held. A 
complete leport of the lesponses in the Interest Blank i$ as follows* 

1 Subjects I like veiy much 

Roberta Mona Mary Leota 

Music (instrumental) Music (instrumental) Reading Spelling 

Reading Music (vocal) 

U S History Spelling 

Arithmetic 

2 Subjects that 1 like faitly 

Roberta Mona Mary Leota 

Music (singing) Reading Penmanship Music (instr ) 

Penmanship U S History U S Histoiy 

3. Subjects that I neither hke nor dislike 

Roberta Mona Mary Leota 

Grammar Grammar Drawing Music (singing) 

Spelling Arithmetic (free-hand) Penmanship 

+ Subjects that I rather dislike 

Roberta Mona Mary Leota 

Physiology or Drawing Geography Geography 

Hygiene (free-hand) 

Penmanship 

5 Subjects that I dislike very much 

Roberta Mona Mary Leota 

No response No response U S History Arithmetic 

6 Subjects {like best of all 

Roberta Mona Mary Leota 

Games & Sports Games & Sports Games & Sports Reading 

^hc blank was that used by Dr Terman m his study of gifted childien, 
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interest blank {conituHcd) 


7, 


8 


9 


Subject that u ‘very easy for me 


Roberta 

Mona 

Mary 

Leota 

U, S History 

X] S Ui’^toiy 

Music (mstr ) 

Reading 

U S, History 

Subject that is easiest of all* 



Roberta 

Mona 

Mary 

Leota 

Spelling 

Spelling 

Spelling 

Spelling 

Occupations 1 may possibly decide to foflovo 


Roberta 

Mona 

Mfiiv 

Leota 

Housewife 

Dressmaker 

Dressmaker 

Bookkeeper 

Clerk 

Flori'it 

Milliner 

Accountant 

Nurse 

Stenographer 

or Music teacher 

Nurse 

Teacher 

Typnt 

Niiise 

Teacher 




10 


11 . 


12 . 


Occupation I am most Itkely to choose, 

KQbcrCH Mona Marv 

Musician (player) Housewife Housewife 

Occupation I wuld like best to follofw if I could* 
Koberta Mona Marv 

Musician (player) Housewife Nurse 

Dft / prefer the duties of to any other 

Koberta Mona Mary 

No Yes No 


Leota 

Housewife 


Leota 

Expression 

teacher 

oicMpaiion^ 

Leota 

No 


13 Kind of reading 1 like 

Roberta Mona 

Travel stories Fairy stones 
Detective stories Travel stories 
Bible stories Book of knowl¬ 
edge 

Current Events 
History 


Mary Leota 

Nature study Fairy stones 
Love stones 
Stones of home 
life 
Bible 

Current Events 


14, Kind of reading I like very much 

Roberta Mona Mary Leota 

Stones of home Adventure stones Adventure stories Adventure stories 

life Bible Plays 

Adventure stones Inventions 

Inventions 


IS Books 1 have most enjoyed reading the last year 
Roberta Mona 

Tom Slade and On the RiVer Marjorie^s Nevo Friend 
Rebecca of Snnnyhrook Farm JVhen Patty Goes to College 
Marjone^s Kevo Friend Rebecca of Sunnybrook Farm 

When Patty Goes io College 
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INTEREST BLANK {conlmued) 

Mary Leotn 

No response Old Fashiotted Girl 

Pcjirod and Sam 

Ruth Fieldiiiff of the Red Cross 

When Fatly Goes to Coileffe 


16 Magazines 1 read 
Roberta 

Mona 

Mary 

Leota 

American 

Cosmopolitan 
Ladies^ Home 

No response 

American 

fFoinan*s Home 


Holland's 

Companion 

Jountal 


Pictorial Revie' 

Holland's 

Junior Home 


Ladies* Home 

Cosmopolitan 



Journal 


17 JFIifll I like to hear people discuss 

Robcrtfi Politics, old times, family history, trips, adventures 
Mona Family history, movies, wais 
Mary* Fishing trips, and ail such sports 

Leota What the old people talk about when they were young and what 
they did 

18 / like to do this thing very much, 

Roberta General reading, (books, magazines, newspapers) 

Play games that require lots of exercise 
Play with several other persona. 

Going to parties, picnics, dances, club meetings 
Using tools or working with apparatus and machiner , 

Mona Playing games that require lots of exercise 
Playing with several other pci sons 
Sewing, cooking, knitting, housework, etc 
Mary Playing games that require lots of exercise 
Leota General reading (books, magazines, newspapers) 

Practicing music, di awing, dancing, etc 
Going to parties, picnics, dances, club meetings. 

19 / like this fairly vsell 

Roberta* Being leader in a team or club and managing other persons, 
Mona, General reading (books, magazines, newspapers) 

Playing games that require little exercise 
Going to parties, picnics, dances, club meetings 
Being leader in a team or club and managing other persons 
Mary Sewing, cooking, knitting, housework, etc 
Leota Playing games that require lots of exercise 
Sewing, cooking, knitting, housework, etc 

20 I neither like nor dislike these 
Roberta No response 

Mona Practicing mustc, drawing, dancing, etc 

Using tools or working with apparatus and machinery 
Mary Playing games that require little physical exercise 
Leota Studying lessons, playing games that require little physical exer¬ 
cise, playing with several other persons, playing with one other per¬ 
son, playing alone. 
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INTEREST BLANK (continued) 

21 / rather dislike these 

Roberta Playing games that rertuire little physical exercise, playing 
with one other person. 

Mona: Studying lessons, ploying with one other person. 

Mary Playing alone 

Leotn: Using tools or woiking with apparatus and machinery. 

Being a leader in a team or club and. managing other persons. 

22. I dislike this very much 

Roberta’ Studying lessons, practicing music, diawmg, dancing, etc, 
Playing alone, sewing, cooking, knitting, housework, etc 
Mona’ Playing alone 

Mary, General reading (books, magazines, newspapers) 

Leota' No response 


23 The collections I have made. 

Things collected 

Age at time 

How many 

Roberta pennies 

10 yrs. 

150 

pens 

9 

575 

lead 

12 

some 

tmfoii 

10 

1 lb 

dolls 

g 

4 

recipes 

12 

25 

Mona Materials for dolls 

12 

a medium box full 

collecting pennies 

10 

150 

straight pins 

10 

500 

small boxes 

9 

IS 

mnteiiala of lead 

12 

not very much 

tinfoil 

9 

J41b 

recipes 

12 

15 

Mary doll dresses 


100 

material for such 
pins 


100 

pennies 

Leota recipes 

12 


shells 

12 

20 

2+. What I have made^ invented^ or constructed: 


Things done 

Age Was 

It very good, fairly 

Roberta made a sled 

11 

good, or poor? 
fairly good 

made a guinea pig pen 

12 

very good 

kite 

12 

fairly good 

dog house 

11 

fairly good 

play apparatus 

10 

very good 

doll furniture 

12 

fairly good 

work shop 

12 

fairly good 

Mona Sled 

11 

fairly good 

dog house 

10 

fairly good 

sad wagon 

10 

very good 

work shop 

11 

poor 

play apparatus 

11 

fairly good 

made kites 

10 

very good 

doll furniture 

10 

fairly good 
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INTEREST BLANK [continued) 


Mary Stilts 

10 

no response 

playhouse 

11 


Leota made a cake 

12 


made candy 

12 


25 Do I have a twoiksbop? 



Roberta Mona 

Mary 

Leota 

yes yes 

yes 

no 

26 It^hai do 1 do in 




Mona Melt and mould lead 
Robeita Melt and mould lead 
Mary Melt sheet iron and lead 
Leota 

27 Offices, Positions, and bonots / have ever held 



Position or honoi 

Age at time 

Roberta 

Scholarship prize 

11 

yrs. 


Actor m play 

8 



Actor in operetta 

11 



Sunday School officer 

10, 

11, 12 


Officer m other chuich work 

10 , 

11, n 


Officer young peoples’ organization 

n, 

12 

Mona 

Sunday School officer 

% 

10, 11, 12 


Actor in plays 

7, 

10, 11 


Actor in opeietta 

11 



Officer young peoples’ organization 

9, 

10, 11, 12 


Scholarship prize 

12 


Maiy ‘ 

Chonstei 

11» 

12 


Group Captain 

12 



Social 

12 


Leota 

Sunday School officer 

11 



Actoi in plays 

10, 

11, 12 


Scholarship prize 

9 



Chonstei 

12 



28 Do I piefer to be ftvith people <ivho me older, younger, or ihe same age 
as myself? 

Roberta the same age as myself 

Mona the same age as myself 

Mary llic same age 

Leota, the same age as myself 

29, How old IS your best ebumf 
Roberta 12 years old, 

Mona 12 yeais old 
Mary 9 yeais oltl 
Leota 12 years old 

Fiequency of the same response (by same response is meant that 
a given pan agice in one or more of the items mentioned under a 
given question) as given by the two members of each pair was as 
follows: 
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Possible number 

29 

Roberta and Mona 

21 

Roberta and Leota 

H 

Roberta and Mary 

U 

Mona and Mary 

9 

Mona anti Leota 

1<S 

Mary and Leota 

8 


The mean number of collections ma(Jc by the contiol gioup of 
twclve-ycar-old girls leportcd by Teiman (2) is I 54 collections 
The numbers of collections made by the quadruplets were as follows; 
Roberta 6, Mona 7, Mary 4, Leota 2, 

We see, therefore, that Robeita’s and Mona’s responses are more 
in agieement than those of any othei pair of the quadruplets 

Summary and Conclusions 

1 Piohablc Ortffhi. Apart from the examination of the placenta 
and foetal membranes at birth it is generally believed that there is 
no absolutely safe criteuon for distinguishing identical twins from 
frateinal twins Doctor Siemens, however, states that, ‘^thc major¬ 
ity of twins are so completely alike or so markedly diffeicnt tliat 
wc can scatcelv entertain a doubt as to tlieir identity oi noividcntity 
as the case may be/’ 

Roberta and Mona are strikingly alike in form of face, color of 
hair and eyes, and m body budd Mary and Lcota are distinctly 
different from each otlier in these respects. Maiy icsembles Roberta 
and Mona but has decidedly diffcient foim of face and body build 
Lcota, with hei blond hair and blue eyes and distinctly different foim 
of face and body build, is no more like hei thiec sisters than if she 
weie an ordinary sibling It seems probable, theiefore, that Roberta 
and Mona aie identical twins and that the four individuals developed 
from three eggs, 

2 Traits upon Which Raiidmn Enviromnental Influences Have 
Had the Most Effect Assuming Roberta and Mona to be identical 
twins, a comparison may be made of the results on their tiaits that 
were measured Although thcie wcic slight differences in tlic phys¬ 
ical measurements, the two aie as nearly alike as identical twins 
ordinaiily are. From the lesults of the series of mcasuiemcnts ic- 
ported hciein, wc do not find any stiiking differences between Robeita 
and Mona. On the othei hand, the lesults of both the physical and 
psychological measurements show a maiked degree of similarity. It 
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seems, theiefore, that with this particular set of twins random en¬ 
vironmental influences liave had no marked effects on the traits 
measured 

3, Application of Nature and Nuiiuie Hypotheses. In studies 
of identical twins their stiikmg similarity is sometimes attributed to 
the Identical environment Therefore, from a study of a set of quad' 
luplets in which we have both a set of identical twins and a set of 
fraternal twins who were ieared undei the same environmental con¬ 
ditions, It appears that random environmental influences have had 
very little or no effect in causing the identical twins to grow more 
unlike, Furtheimoie, it does not seem that the fraternals have be¬ 
come moic like the identicals, but lathei that factors of heiedity 
liave been most influential 
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QUELQUES MESURES MENTALES ET PHYSIOUES D'UN GROUPE 
DE QUATRE ENFANTS AGEES DE DOITZE ANS, NEES 
D’UN MEME accouchement 
(Resume) 

On a fait cette etude dans le but d'lnsciiie grand nombie de mesures 
physiques, psychologiques, ct relatives a I’education, d’un groupe de qiiatie 
fillca, ag^es de dou/e ans, nees d’un niemc accouchement 

All moms tiois prohUmes importants psychologiques et biologiques se 
lattachent h cette dtude 

(1) Celui de determiner, si possible, si deux ou plus des membres de 
ce groupe d'enfants nee«? d*un mcme accouchement sont du type ^hden- 
tiquea ” II semble probable qiie deux de ces enfants sont des jiimelles Iden- 
tiques et Ics deux autres des jiimelles Fiaternelles C’est-d-dire, les quatre 
enfants se seraient d^veloppees de trois oe\ifs 

(2) Cclui de troiiver les traits siir lesqiiels les influences an hasard dii 
milieu ont le plus mfiue 

Consid6iant deux des filles comme jiimelles Tdentiques, on a fait unc 
compaiaison des traits mcsuies ct on n’a trouve nullea differences fiap- 
pantes 

(3) Celui de tracer le d£veloppement des sujets a la Inmiire des hy¬ 
potheses de nature et d’education 
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Dana Ics etudes cle jiimcaux idcntiqiies on attiibiie quciqiicfois Icni simi- 
larke frappante nu mdien idciitiquc Aiissi, scion line etude d'un groupe 
dc qua tie enfants nces d’un rneme nccoiiclicmcnt ou d parau qiie tigus ayons 
un groupe de jiimellcs idcntiques et un groupe dc jumclles fratcrnellcs 
6levcc8 dans Ics meinca conditions du milieu, sembic-t-d que ks influences 
ail hasard du milieu n'aient eii que tiis peu d’effet on nul efirct \ fnire que 
10 “^ jumciies icicndques devieniient moiiis scmblabks. D’aillcuis, il ne sembie 
pas que Ics jumelles fratcrnellcs soient devenues plus semhiablea aux ju- 
mellcs identiqucs, mais plvit6t qiic Ics factcurs dc FliciWW aient Ic plus 
infliie Brintlf 


INTELLIGENZ- UND K(iRPERMESSUNGEN AN EINER SIPPSCIIAFT 
2W0LF-JAIIR-ALTER VIERLIN GSKINDER 
(Referat) 

Zicl dieser Untersiichung war cs, cine giosse Anzalil physiologischer, 
psychologisclier, und padagogisclier Mcssuiigen an einer Vierlmgskinder- 
gippsclmft bestchend an viei zwolfjahiigen Madchen aufzuzeichnen Es 
sind ivenigsten clrci ^vichngc psychologisclie und biotogische Aufgabcn nut 
dicser Untersucliung verbiinden 

1) Wenn moglicb, fcstziistellcn, ob zwei odci mehr von den Mitgliedern 
diescf VierlingiSJppscbai’t dciu "idejitisdicn” Typus angehoren Rs J3t 
wahrscheinlich, dass /wei dor Vierhngskindci idcntische Zwilhngc und die 
anderen zwei gescliwistcilichc Zwillinge slnd, dh, die vier Iiidividucn 
haben sich walirschcinlich aus did Eicrn cntwickelt 

2) Die Eigenschaftcn herausznfinden, woiauf die Umgebung den 
grossten Einlliiss aiisgeubt hat Es wurde angenominen, dass zwci dcr 
Madchen identische Z^villlnge Wai'en, die gemessenen Eigcnschaften wurden 
iintcr sich vergliclien und es zeigtcn sich keine ausgcpiagten Unterschiede 

3) Die Entwicklimg der Vcrsiiehspcisoncn im Lichte der Hypolhesen der 
Vereibung cinerseits und der Umgebung anderaeits zii vcrfolgcn 

In Unteisuchungen an identischcn Zwillingen wird dire auffallende Ahn^ 
licbkeit manchmal dcr identischcn Umgebung zugcschrieben jedoch scheint 
diese Untcrauchung nn cmer Vierlingssippschaft wdche sowohl cm Paar 
identische \vic ein Paar Gcschwistcrzwillmgc cnthalt an/udciiten, dass 
zufaihge Emflusse aus der Umgebung Nichts oder nur weing dazu beitragen, 
Enhvicklung von UngJcjclicjt zivisclien den identischcn Zm^ingcn zu 
fordein t)bercli€s scheint es nlcht, das die Gcschwistcrzwilhnge mehi den 
identischcn nhnlich gewoiden sein Vielmehi sind die Vererbiingscinfluise 
die wirkungsvollsten gewesen 


Brittle 
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notice of special volume 
Carl Murchison 

Along with most of the other psychological journals, we have been facing 
for some time the problem of diminishing the large numbei of manuscnpla 
which have been accumulating steadily in our files and which have resulted 
in lengthening unduly the amount of time necessary to get a manuscript 
published after it has been received from its author This problem has 
been met in various wavs by some of the othci psychological journalSj and 
we have finally decided on a method which to us seems wisest undei the 
circumstances 

We have decided to publish an entire volume in one issue, this issue to 
appear between two current volumes This method will result in the saving 
of an entire year and will clear oiii files to within approximately six months 
of publication We have decided on this method chiefly because it adds 
no additional financial burdens to the author and extends to all authors alike 
equal benefits in the reduction of the length gf publication time 

This volume, Volume 38, will not be sent out on subscription, nor will it 
be involved in the Club Rate plan It muse be ordciecl directly by each 
subscriber at the regulai subsciiption price of $7 Volume 39 will be issued 
as the current volume during the year 1931 

DIFFICULTY IN THE LEARNING OF SHORTHAND CHARACTERS 
BY BRIGHT AND DULL CHILDREN 
F 1 Wilson 

In a previously published study (1), the learning of bright and dull 
children was compared in the task of learning to recognize 26 shorthand 
characters It appeared from that study, that, for four groups of children, 
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an average difference of 30 IQ poiiita more than compensated for a differ¬ 
ence of three chronological years. 

This report gives the result of further study of the gioups m this task in 
regnid to the cllfHculty of learning to recognize the various characters Data 
foi the groups arc given in Tabic 1, five additional cases having been 
included in the latei study. 


TABLE 1 

Description of Surjects 



Dull 9 

Bright 9 

Dull 12 

Bright 12 

Number of cases 

15 

18 

17 

15 

Average CA 

9- 1 

9- 2 

12- 2 

12- 2 

CA range 

8-11 

to 9- 4 

12- 0 

to 12- 5 

Average MA 

7- 9 

10- 5 

10- + 

13- 11 

Average IQ 

85 

114 

8$ 

115 

IQ range 

80-90 

110-120 

80-90 

110-120 


Detailed explanation of the experimental procedure may be found in the 
earlier publication cited above, Briefly, the task was to memorize the 
appearance of the characters and to give the worda for which each stood 
when the cliaiacters were presented without the words Practice consisted 
in reading from a card on which the words were typed Over each word 
was written the shorthand character standing for the word, The material 
was an explanation of the game '*Duck on the Rock’* Reading was guided 
by the pencil of the expeiimenter and the subject was lepeatcdly reminded 
to look at the shorthand chaiaclers na he read the words The subjects* 
eyes were carefully observed to make sure that the characters were fixated 
There was presented to the subjects after each practice n caid upon which 
all the chaiacteis appeared, No words were on this card and the Older in 
which the characters weic placed was different from that on the practice 
caid The subjects indicated the characters they thought they knew and 
gave words for them. Record was made of all responses, both coriect and 
incorrect answers being set down Facsimiles of the practice and test cards 
and detailed explanation uf the procedure of the task are given on pages 
14 and 15 of the study refeircd to above, 

DirncuLTY- as Indicated dy Scores 

The scores used in this study aie in terms of the percentage of subjects 
in each group giving correct answers Table 2 shows these scores and 
gives the rank order of the characters by the four Subject groups and for the 
total number of subjects as one group. 

From this table it appears that all subject groups placed the same six 
characters at the top of the list and pretty much m the same order Four of 
these characters are relatively large^ both in total size and in the loops 
which are used in their construction. The other two are the dot and small 




SHORT ARTICLES AND NOTES 


115 


TABLE 2 

Rank PoamoNS of Charactbrs and Scores for Each Group and Tota« 


Total 

• 

Oh So 

Dull 

Oh 

9 

30 

brl&ht 9 

Oh 30 

Dull 

Ch 

12 

Sc 

Bv\&ht 

Oh 

12 

8c 


2A0 


62 


40 


72 » 


83 

y' 

236 


45 

• 

39 

* 

72 

y 

32 

0 

207 


29 


34 


58 


69 

X 

136 


13 


23 


38 

9 

67 

o 

109 


11 


21 


35 


47 

C _ o 

100 


11 

CL>5» 

17 


25 


43 


59 

✓ 

11 


12 


14 

N 

33 

■s 

55 


9 


11 

N 

13 


33 

9 

38 

<1. 

7 

0 

n 

10 


11 

*f 

25 

n 

37 


7 

f 

10 


8 

"7 

25 


37 

/i- 

5 


9 


6 

J> 

21 


37 


5 


9 


6 

>*- 

20 

o 

37 


4 


8 

; 

6 

f 

19 

1 

36 

s> 

4 

> 

8 


6 

J 

15 


34 


2 


7 

J' 

6 


15 


31 

7 

1 


7 


5 

> 

15 

J' 

30 


1 


5 

-» 

5 


13 

j 

26 

N 

1 


4 


4 

r 

11 


23 

/ 

1 


4 


4 


11 


19 

“C-» 

1 


4 

y' 

4 


8 


IS 

> 

1 


3 


2 

c. 

7 

-/» 

17 


0 

— 

1 


1 


7 

r 

17 


0 

<• 

1 


1 

j 

7 

/ 

8 

/t 

0 


1 


1 

r 

6 


7 

} 

0 


0 


0 


1 


1 


0 

A 

0 

f 

0 


1 
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cross mark Fiirtlieimore, in the case of each gioiip, except the clull-nine, 
these six chaiacters have scores which set them off very maikedlv from 
the next chniactec just below In the case of the dulj'iune, the fifth, sixth, 
and seventh charactejs have the saiiie score and the next one is only two 
score points Iciwei It is interesting to find that dtill-nine places "did” 
second, although all other gioiips placed it first "Laigo” is at the top of 
the list foi dull-nine, oiUscoimg "duV’ 62 to 45 
Noting next the chaiacters at the bottom of the lists it appears that, with 
a few exceptions, the lowest eight characteis are the same for all groups 
All of these characters are relatively small Fuithermoie, they are made 
either with curved lines, wuh hooks added to short lines, or with joined 
lines, hooks, or loops, Apparently the kind of stiokfs and the complexity 
of the figuration account in pa it for the low scores of these chaiacters, 

Two characters, those for "duck” and "evciy,” belong to the group of 
large characters, but aic found among those in the mirldle of the rank order 
lists for all groups The symbol for "every” is complicated by the inclu¬ 
sion of a small ciicle at the upper end of the stroke The symbol for 
"duck” IS complicated by a hook and the addition of n small curve at the 
end of a long straight line Apparently the factors of complexity of the 
character and the use of small hooks and lines make a diffeience in the 
difbculty of recognizing characters once studied TIiosc characteis which 
arc large m size and simple in structure seem to be more easily lecognized 
These differences in difficulty, howcvci, seem to be very much the same for 
dull and bright and for younger and older children 
Two small characters, the dot for "a” and the cross foi the "question 
mark,” ranked among the first six highest chaiacters Perhaps the sim¬ 
plicity of these symbols and also their probable familiarity account in part 
for their high scores The dot has been encountered by all school children 
as the period, as part of the letter "i,” as a counting symbol in commonly 
found bad habits of addition, and in many other connections Small crossed 
lines have been met with, as the printed letter x, as the sign of addition, and 

as a symbol in many other uses in art, games, and the like None of the 

other 24 characters has such common symbolic uses 
The relation of first scores to last and to total scores may show differences 
of interest in regard to the learning progress of the bright and the dull 
groups For the purpose of discovering such relationships correlations be¬ 
tween first, last, and total scores were secured They are given in Table 3 
Correlations were computed by the rank order method, 

Last score and total scores correlate most closely This would be expected, 
since the last scores contiibuted moie to the total scoies than did any others 
First and last scores con elated the lowest except in the case of dull-nine, 
where the figure is higher than that for first and total Of the four groups 
bright twelve has the highest average of the three correlations, but has 

the same score as that of the dull-nine for the correlation of the first and 
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TABLE 3 


Correlations or First, Last, and Total Scores 



Dull 9 

Blight 9 

Dull 12 

Bright 12 

Total 

First and total 

791 

732 

753 

860 

.915 

First and last 

801 

700 

65+ 

801 

.867 

Last and total 

908 

882 

921 

915 

952 

Average 

833 

771 

.776 

859 

911 


last scores Duil-nmc comes next to biight-twelve in the average of its 
correlations, Bright-nme and did I-twelve nverage about the same, but the 
figures vary from 65+ to 921 About all that can be said in regard to 
these correlations is that they are high and positive with an indication that 
hright-twelve have higher conelations than the other groups Apparently 
first learning as measurable by a score may not be very highly indicative 
of final achievement It may be higher for older and blighter children 
than for yoiingei and duller 

DimcuLTY AS Indicated by Gains 

Gams weie measured by finding the authmetical differences between first 
scores, derived fiom the fiist two trials and final scores, derived from the 
last two trials of the learning sciies The two dull gioups were combined 
for this part of the study, and the two bright groups likewise were combined. 
The resulting totals were compared The data do not warrant fine dis¬ 
criminations, and, theicforc, the comparisons are only roughly drawn From 
tables giving these data Diagrams 1 and 2 have been vised In Diagram 1 
are shown all the characters of the selection arranged according to gains. 

DIAGRAM 1 



Comparative Gains of 

Bricht and Dull dy 

Characters 


Low Boores 

Medium ocorea 

High Bcorea 

bright 




more than ^ ^ 



dull 




Same 


y 





Dull 




more than 



bright 
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III Diagram 2 are shown the rank order positions of the characteis according 
to the total scores given In Table 2 Along the first rows of each diagram 
are those characters which showed gieater amount of gain by the bright 
than by the dull groups. Along the second low are the cliaractcra which 
showed about the same gams In the thud row is shown the one dinracter 
foi which the dull made more gain than the bright groups The columns 
indicate the relative si^e of scores^Iow, medium, and high 


DIAGRAM 2 

Comparative Gains or Bright and Dull by Rank Position or Characters 



Low 

scoi es 

Medium scoics 

High scoies 


5, 6, 

7, 8 

n 



Bright 

9, 10, 



moic than 

13, 14, 

15 

3 

1 

dull 

17, 18, 

21, 22 




4, 12, 

19 



Same 

20, 23, 
25, 26 

24 

2 


Dull 




moie than 
bright 

16 





Studying the facts shown in these diagrams, it seems that, for all the 
characters for which the scores were high, the gioas gains were greater 
for the bright than for the dull, except for ^‘large,’* in which case the gains 
seem to have been about the same, There are in this group, howevei, a 
few of the characters for which total scores were low From tJie second 
row It appears that, with the exception of "large” and “question mark,” 
those chaiactcrs for which gains for blight and dull weie about the same 
were the more difHcult chaiacters The explanation of the appaicnt same 
gams for "large" and "question mnik" is, in part at least, th«Tt bnght- 
twsWe scored so high at fust on each of these chaiacters that comparatively 
little arithmetical gam was possible Both dull groups, on the othci hand, 
made low first scores and lelatively liigh last scoies, so the difference was 
quite large 

The case showing greater gain by dull than by bright, made on the 
character "one,^^ seems to be o chance result due to an apparently excep¬ 
tional gain in score from 0 to 26 by dull-twelve, as compared with 0 to 3 
by dull-ninc, 3 to 8 by bright-nine and 0 to 13 by bnght-twclvc The differ¬ 
ence piobably does not represent the true relationship between blight and 
dull groups In this particular, and occurs largely because of the limited 
aumbei of cases, 

Dipncui^TY AS Indicated by Errors 

Errors in this task had two aspcctSp One was mistaking the identity of a 
character The other aspect was giving a wrong word. The first indi-' 
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TABLE 4 

Numder of Errors in loENTiryiNc Each Character 


TotaX 

Lull 9 

Bright 9 

Dull 

12 

bright 12 

Oh 

30 

Ch 

3o 

Oh 

SO 

Ch 

So 

Ch 

3c 


147 


67 


33 

C-e 

45 


34 


146 


50 


20 


39 

C-e, 

32 

't 

130 


43 


23 

X 

37 

y 

29 


122 


41 


26 

C-^ 

34 


26 


116 

C_^ 

39 

S 

26 


33 


24 


111 


36 


25 

*7 

52 


23 

X 

106 


33 

Os? 

25 

Si 

29 


22 


97 

y 

33 

y 

23 

\ 

27 


22 

> 

92 


53 


21 

y 

26 


21 

N 

86 

r 

31 

\ 

20 

J 

24 

\ 

21 

85 

JP 

30 

J 

17 

'> 

22 


17 


76 


30 


17 


22 


16 


75 


26 


15 

yJ!> 

21 


14 


75 


23 

A' 

14 


19 

MU, 

14 


74 

t 

23 

r 

13 


19 


13 


72 


23 

a* 

12 


10 

r 

13 

; 

69 

J 

22 


12 

/ 

18 


13 


68 


20 

y 

12 

r 

18 

ji 

12 


63 

V» 

20 

'ft 

11 

f 

17 


12 


63 


18 

n 

9 

-c. 

16 

'7 

11 


57 


18 

y^ 

8 

r 

16 


10 


57 


17 


0 

15 


9 

c_ 

56 


13 


0 


15 


5 


52 


12 

7 

6 

y 

13 

y 

5 


42 

yt 

12 

/. 

5 

:> 

11 

r 

4 

* 

33 

• 

10 

■ 

4 

yy 

10 

- 

3 

Total 

2170 


723 

426 

596 


425 



120 


JOURNAL OF GENETIC PSYCHOLOGY 


cated a pnitial lecognition of a character The other inchcnted the lecol- 
lection of a word, but an eiior in associating it with a character. The rank 
order of these errors and the scoies for each by gioiips aic given in Tables 
4 and 5 The scenes in these tables are the number of eiiois made 


TABLE 5 

Numijer or Errors in Using Wrong Word, dy Words^ 


Total 

W 

Sc 

Dull 9 

W 

Sc 

Blight 9 
W 

Sc 

Dull 12 
W 

Sc 

Blight 12 

W Sc 

rock 

218 

rock 

75 

rock 

52 

eveiy 

44 

lock 

61 

the 

162 

every 

61 

who 

39 

play 

44 

the 

47 

every 

156 

the 

50 

duck 

32 

duck 

42 

duck 

42 

you 

ISS 

you 

46 

It 

28 

on 

40 

you 

36 

duck 

151 

stone 

41 

the 

25 

the 

40 

It 

30 

It 

131 

off 

41 

every 

24 

It 

40 

evciy 

27 

play 

117 

knock 

40 

his 

23 

his 

35 

play 

26 

his 

LOl 

did 

37 

a 

19 

you 

34 

his 

25 

stone 

93 

duck 

35 

play 

18 

knock 

30 

knock 

17 

knock 

92 

a 

34 

stone 

18 

rock 

30 

on 

14 

on 

90 

it 

S3 

on 

16 

stone 

22 

stone 

12 

a 

7+ 

playei 

32 

knock 

15 

off 

18 

has 

11 

off 

72 

play 

29 

others 

13 

period 

17 

each 

10 

player 

57 

others 

21 

who 

11 

a 

14 

others 

10 

others 

52 

□n 

20 

period 

10 

playei 

13 

period 

8 

did 

+9 

his 

18 

off 

10 

large 

12 

a 

7 

each 

45 

each 

16 

has 

10 

each 

11 

one 

7 

period 

41 

has 

13 

playei 

9 

has 

8 

to 

6 

has 

32 

one 

13 

each 

8 

one 

8 

try 

5 

one 

31 

large 

11 

to 

8 

othcis 

8 

who 

4 

large 

30 

try 

11 

try 

7 

piita 

7 

did 

3 

try 

28 

period 

6 

large 

6 

tiy 

5 

player 

3 

to 

25 

to 

6 

did 

5 

to 

5 

off 

3 

who 

22 

q. mark 

4 

q, mark 

5 

did 

4 

q mark 

1 

q maik 

11 

who 

4 

one 

3 

who 

3 

puts 

1 

puts 

n 

puts 

2 

puts 

1 

q maik 

1 

large 

1 

Total 

2046 


m 


415 


535 


417 


♦Words not found in the selection but named by the subjects for characters 
are not included m this table 


In the case of nearly every chaiactcr the dull made more errois than the 
blight, The totals also show the diiH to have made more errors than the 
bright For the aspect of mistaken identity of character the ratio was 
about 13 to 8 For the aspect of using the wiong word the ratio was about 
13 to 8 Dull-iilne made the gieatcst number of eirors of each kind The 
two blight groups oddly enough made almost the same total number of 
errors of each kind, hut this similaiity is largely coincidence Charactei 
for chaiactei, the number of eirors for the two bright groups vanes 
considerably 
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The relation of errors and correct responses is shown in Table 6 This 
tabic indicates the correlations between these data as computed by the lank 
order methodi 

TABLE 6 

Correlations or Correct Responses and Errors 




Dull 9 

Bright 9 

Dull 12 

BrigKtl2 

Correct responses 

and identity errors 

399 

242 

209 

107 

Correct responses 

and word errors 

000 

— 054 

176 

— 176 


Apparently, ns far as the elements of thi^ task were concerned, the relation 
between correct and incorrect responses was quite uncertain Two cor¬ 
relations are practically zero One is negative and low The others are 
positive and low It may be significant that the biight-twelve correlations 
happen to average practically 2 cro, but, on the other hand, one of the diill- 
nine figures is also zero If the Icaining had been earned further, to a 
point at which the percentages had been considerably higher than they 
weic for most of the characteis, there might have been larger correlation 
figuies But to the point to which the learning went tlieie seems to be no 
evidence of any important relation between scores for the chaiacters and 
errors 

Summary and Conclusions 

In this task, requiring the recognition of a paiticular figuiation of strokes 
and the association of ceitain known woids with each character, difiiculty 
was studied in three respects in connection with foui groups of blight and 
dull children 

1 Rank order of bcoies indicated that achievement in the task was quite 
clearly related to size of chaiactcrs, complexity of strokes, and familiarity 
of the symbols There seemed to be little, if any, di/Teience as to this 
aspect of difficulty between blight and dull, youngei and oldci childicn, 

2 Gams in scores seemed to indicate that the bright made greater 
arithmetical gams than the dull on those chaiacters having the higher 
scores; and that on those characters having the lower scores the bright 
and the dull made about the same arithmetical gains 

3 Errors seemed to indicate that both recognition of a chaiactei and 
association of the conect woid with it weie responses much more often 
incorrectly made by the dull than by the bright There seemed to be no 
significant correlation, however, between eirms and difficulty as indicated 
by high and low scores for any of the groups 

It would seem, therefore, that for such learning as was represented by 
the requiiements of recognizing these 26 shorthand chaiacteis, difhciilty 
IS a complex combination of various elements Thice aspects of difiiciilly 
were examined None of them was clearly discernible, Probably theie 
were many othei elements and probably all elements were combined in 
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varying proportions foi each individual In the aspects examined it seems 
that blight and dull children diffci only ni dcgiee and not in kind. There 
seems to be eveiy suggestion m the data that, in guiding the learning 
expelienees of all individuals, whether blight oi dull, young oi old, this 
diffeience in degicc is the iinpoitant consideration Not all bright subjects 
scored higliei on a given chaiactor than any dull subject Not nil bnght 
subjects gained moie than any dull subject, Not all dull subjects made 
moie eiiois than any bnght ones 

This investigation emphasiyes once moic the regularly repeated conclusion 
of every study of the learning progress of conteasted groups, that the 
fundamental problem of guidance is that of fitting the learning situation to 
the needs of the individual learneis It also emphasizes a conclusion steadily 
becoming more and moie ceilain as scientific evidence accumulates, namely, 
that the individuals of less native endowment or less foitunate circum¬ 
stances can make progress m the learning of anything to which they apply 
themselves, This is true in spite of the fact that ficquently the technique 
of the learning pioccduic is definitely uiisuited to theii needs and dis¬ 
advantageous to their abilities 
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A STUDY OF THE ONLY CHILD AT SCHOOL* 

, Helen Ferris Hooker 

Much of the litcratine dealing with child guidance and parental edu¬ 
cation in the past has emphasized the dangers of being an only child Most 
of the statements were subjective in nature, practically no objective evidence 
being given to prove them. However, objective studies made recently Indi¬ 
cate that the only child is not necessarily peculiar, nervous, and hard to get 
along with, as earlier writers claimed Goodenough and Leahy (4) decided 
that any position in the family involved ^'ccitain pioblems of adjustment” 
(p 70), Fenton (3) concluded that only childien weie probably only 
slightly if at all likely to “become pecubai and nervous” (p 550) On 
the other hand, Wexbeig (10) and Lee and Kenworthy (5) believe that 
ndjuslincnt to the school situation is unusually difficult for the child without 
siblings, and A Busemann (2) concluded fiom a study of German children 

^Abstract of q master’s thesis (unpublished) to be found in the Library, 
University of Pittsburgh, written under the supervision of Florence M, 
Teagarden, Ph D 
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that only children from the bettci social classes arc retarded in school 
Blatz and Bott (1), however, found by studying misdemeanors among 
school children that only childien had the best records 

In the present study the investigator tried to discover whether the only 
child at school differs in social and emotional adjustment from one with 
siblings The school chosen has a population of about eight hundred pupils 
and IS situated in a distiict paitly residential and partly business The 
parents of most of the pupils aie American-born and represent all social 
strata All of the subjects of this study except two, who wcic natives of 
English-speaking countries, were bom in the ITnited States 

In most studies no attempt has been made to eliminate factors othei than 
^^onliness^’ which might affect the emotional and social adjustment of the 
childien concerned In the piesent study eveiy effoit was made to select 
cases which weie fiee from the possible influence of bioken homes, presence 
m the home of lelntivcs other than the immediate family oi any other factors 
which might have a bearing on the child’s behavioi The method of 
selection was as follows Homeroom teacheis of all grades, including the two 
kindergarten rooms, weie asked to list the children m their rooms whom 
they knew to be without biothers oi sisteis From the 117 names thus 
secured, thioiigh personal interviews, childien weie selected who lived in a 
home where there weie no relatives except mothei and father and who to 
their knowledge had nevci had siblings The following criteria for match¬ 
ing an only child with a child having siblings weie used (rt) school giade 
(within one-half grade) , (&) sex, {c) chronological age (within six 

months); (r/) nationality (wheievei this could be fulfilled in addition to 
other ciitena; {e) family oiganization, (/) not moie than one child from 
any one family, {g) intelligence quotient (within ten IQ points) 

Fiom the school files it was determined what child in the same half grade 
matched a given only child in sex, chronological age, and nationality as 
indicated on the child’s school registration card Each ‘^match” thus se¬ 
lected was interviewed to detcimine whether he lived at home with his 
parents and without idatives othci than his siblings At this time it was 
Icaincd also wlicthet he was the oldest child, the youngest, or neither, 
Later, due to a deaith of "matches,” it became necessary to extend the 
matching to a half giadc either above or below the one which contained 
the only child 

To dctcimine the intelligence quotient the Otis Gioup Intelligence Test 
(Form A Piimary and Advanced) was given to the only children and those 
so fai matched with them Fourteen possible “matches” were eliminated 
by this test and it was, moieovei, found impossible to match the intelligence 
quotients of three of the only children In each case where there was a 
discrepancy of moie than ten IQ points the whole process of matching had 
to be repeated Altogethei 203 childien were interviewed and 77 were 
given the Otis Intelligence Test This rigorous matching left but 30 pairs 
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of only children and their “matclic'i” foi further study Theic wcic 14 
pairs of g^irls and 16 pans of boys Ten of the “matches’^ wcic oldest 
children* tl were middle, and 9 weie youngest children Accoiding to the 
method of classification used by Strayer (7), the age-giadc disli ibution 
showed that two only children arc retarded, 21 aie making noimal scliool 
progress, and 7 are accelerated. 

Limitations of space piohibit reproduction here of the research techniques 
used in this study These techniques weie a questionnaire and two rating 
scales The qucstionnaiie contained 17 questions selected from Teiman’s 
(8) adaptation of the Woociworth-Mathews Pcisonal Data Sheet and an 
eighteenth added by the invcstigatoi This qucstionnaiie was filled out 
verbatim in an interview with each child alone 

Although rating scales are a subjective method of determining personality 
traits, accoiding to Murphy (6) they afford the best means available at 
present Many rating scales arc limited in tlicir scope because they have 
been designed for a more oi leas nairow age range The lating scales 
used by Wickman (9) aie especially designed for the elementary school 
child and therefore seemed better suited than any other to the present 
study. Two rating scales, A and B, were adapted fiom Wickman (9,, pp 
217-228) The items foi Scale B were selected for then potentiality to 
reveal the special maladjustments of the only child 
Rating Scale A, the purpose of which was to enable the investigator to 
discover whether the behavior of the only childien was conspicuous when 
compared with the total school population, was applied by each room teacher 
to all the children in hei room Three teachers who had known the children 
in class for from four months to two years lated each only child and lua 
'‘match” on Rating Scale B The same three teachers rated each member 
of a given pair, thus giving 180 ratings in all 
The typical and atypical replies to the Woodworth-Mathews Question¬ 
naire were scored in accordance with Terman’s (8) procedure Eighty- 
one per cent of the answers given by the only children and 88% of those 
given by the "matches” were typical Nine per cent of the only children’s 
responses and 6% of those given by “matches” were atypical Ten per 
cent of the answers of the only children and 6% of the responses of the 
"matches” weie scored "uncertain” These represented answers which 
were Inconsistent with others or instances where the child refused to reply 
definitely “yes” oi “no ” 

The reuilts from Rating Scale A nre as follows: 244 (42%) of all the 
children in the grades used in this study and 17 (57%) of the only children 
were exceptionally well-adjusted; 243 (41%) of all and 12 (40%) of the 
only children presented minor behavici difficulties, 84 (14%) of all and 1 
(3%) of the only children showed difficulties of some importance, while 
16 (3%) of all and none of the only children were considered to present 
extremely serious behavior problems. 
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The icsiilts of Rating Scale B, statistically tieated, yielded the following 
results only childien are slightly hss likely to be “neglectful, forgetful or 
irresponsible in duties” which they have been *'asked to or expected to 
perform,” they aie less likely to "become sulky or sullen,” they arc less 
likely to be “rude,, impolite” or “impudent to otheis,” less likely to be 
nervous, le, “unable to control themselves miiscularlyand less likely 
“to be dishonest,” They aie more likely to "show signs of being sissies or 
tomboys” In all othei tiaits lated the dilfeiences between the only children 
and those with siblings are not significant 

Insofar as the results of this study can be compaied with the results of 
Fenton’s (3) study there aic some slight diffeicnccs, although the general 
conclusions arc in agreementi Fenton found that only children as a group 
are moie likely to be cheeiful and happy while the present results indicate 
no differences in happiness between the only childien as a group and those 
with siblings Fenton found that only childien are more likely to be "dis¬ 
obedient,” whereas, although the difference is not significant, the present 
study indicates a tendency in the opposite direction 

CONCI USIONS 

1 The cm rent belief that only childreu in general are siue to present 
serious behavior problems because of their "onliness” is not substantiated 
by the results of tins investigation 

2 Only children in gencinl are not necessarily nervous, hysteiicaJ, and 
“spoiled ” 

3 Consideied as a group and on the basis of chronological age, the only 
children in this study were not retarded at school 

4 According to the results obtained in this study, only children at school 
as a group probably differ little, if at all, from those with siblings 
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FIRST INTERNATIONAL CONGRESS OF RELIGIOUS 
PSYCHOLOGY 

The First International Congress of Religious Psychology will be held at 
the University of Vienn.i from May 2(!th to May list (Week of Whitsun¬ 
tide), 1931, under the auspices of the International Society foi Religious 
Psychology, the President of which is Karl Beth, D.D., Ph D., Professor of 
Protestant Theology m the University of Vienna, and the Vice Presidents 
Franz Brand!, LL.D, Director of the Viennese Police, and Otto Nahihnft, 
LL.D, Flist Public Prosecutor 

The most important problems of recent religious psychology will be dis¬ 
cussed from various points of view, educational, expciimental, sociological, 
psychiatric, pathological, theological, occiiltislic, etc, the mum subject being 
the psychic basis of the religious unbelief of the piescnt day 

Many internationally known scientists are scheduled to deliver lectures or 
read papers at this Congress. 

Opportunities to see the city of Vienna and its important institutions will 
he amply provided for 

Inquiries as to program, facilities, schedule of sight-seemg trips, and oil 
other information should be sent to the Internatian.il Society for Religious 
Psychology, Vienna, YII Zittcihofergasse 8, Austria, and should be .ac¬ 
companied by fifty cents in stamps 
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Brook9, F D The Psychology of Adolescence Boston Houghton Mifflin, 
1929, Pp, 652+xxiii 

For two decades the subject of adolescence lay dormant, under the weight 
of Hall's two volumes During the years following 1907, texts for teachers, 
dealing with this developmental peiiod of human life, appeared now and 
again, but noaily all were echoes of Hall's poetic theories and question¬ 
naire methods Teachers began to demand a text which would put students 
in touch with modern procedures and modern data In response, several 
new books on adolescence have appctired veiy recently, Notable among 
these IS the text by Brooks 

This text conveys to students of development a scienlilic survey of facta 
nnd methods derived critically from all available sources Areas of igno¬ 
rance are mapped ont, so that inquiring minds, if properly trained, can 
launch upon further investigation The bibliographies arc excellent. The 
purpose, well achieved, has been to gather and oiganive the best of what 
scores of workeis have contributed by quantitative methods This is what 
has long been needed 

Every book has a fault, and we hnd lieie what might be termed a fault 
of cucum'?cription The authoi, instead of assuming a knowledge of general 
educational psychology, undeitakes to supply this to his readers The 
result 19 that too much material is covered, which is not particularized to 
the topic of the book "Learning and Forgetting," “Instincts and Impulses," 
"Disturbances of Pcisonality," “Statistical Methods," exemplify the topics 
which aie treated at length, although they do not especially pertain to 
adolescence The time has gone by when the author of a text in a speeial 
field of educational psychology should attempt also to cover the field in 
general 
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Aside from this fault of failiiic to cnciim^cribe and focus, the book is the 
most useful and the most thoroughly documented text at present available 
in the field of adolescence, 

LnTA S Hol 11NGWORTH 

Teachers Colfcge 
Coin mb in Umveisity 
Nc^ Tork CHy 


ARLirr, A H, The Child fiom One to Six New York McGraw-Hill, 
1930 Pp xixd-lSS 

Crawford, N, A, & MenNINglR, K A The IJeaHhy-minded Child New 
York Coward McCann, 1930 Pp viii+198 
MATbFRi F Jusi llormal Children New YoiV Appleton, 1929 Pp 
x-f-294 

O^SHtA, M V, Ne^wer IVnys ^wiih Children New York Greenbeig, 1929. 
Pp x+419 

Although the several books of this gioup differ in many respects, they 
are alile in being intended piimanly for the paient rather than foi the 
student of child psychology In aUemptmg to evaluate books of this type, 
the adequacy with which they seem to meet the piactical needs of the lay¬ 
man must he given chief consideration One should not expect to find a sys¬ 
tematic and rounded'out ticatmcnt, it is enough if topics likely to be of 
Interest to the tioubled parent aie included and discussed in n simple 
and straightfoiwarcl manner 

The first volume of the group should piovc to be of considetablc value to 
parents in dealing with what is usually legaulcd as the most ciitical age 
□f the child The problem of secuimg obedience in the very young without 
discouraging the normal development of independence is discussed in the 
light of our newer knowledge of childhood Most helpful advice is offered 
relative to the establishment of habits of mdividiial and social leaclions 
at this age The author writes in a simple, cleai style, and faces the 
problems squarely and directly 

The second volume consists of a sejies of lectures to parents on the 
child and the home by a number of writers The lectures are so general 
in scope and form of treatment, as to be platiUidinoiis, and the average 
parent will find little heie of genuine practical value 

The volume by Mateer makes use of the direct question and answer 
method, and this mode of treatment will doubtless appeal to many parents* 
The questions are grouped by topics into 23 chapters, with an occasional 
delineation of illustrative cases As a rule, however, the answers are 
much too brief, and while seldom dogmatic are sometimes ambiguous The 
selection of questions is generally good, although in some cases these appear 
to be too academic to be of much interest to the pnient Perhaps a certain 
justification for such inclusions can be found m the recent exploitation of 
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psychological tcrimnology among the masses On the whole, this book 
should be well received by the intelligent parent 
The Inst volume of the group contains 70 lectures on wliQt appear to be 
as many problems of the child in the modem home In fact, however, 
many of the HituaUons discussed belong rather to the school, and the pre¬ 
fer! ed advice should be m a book for teachers In general, each topic is 
disposed of jn a scant ha)f-do 2 en pages or so by ^tatemenh that are always 
general and often platitudinous The primary mm of the volume appears 
to be to bring the modern parent to realiye that many of the petty rules of 
conduct imposed upon the child a generation ago are less important than 
were then supposed, and that the ignoring of these rules in the modern 
home need not mean that the child is not being properly brought up, Doubt¬ 
less the modern parent needs sermons of this sort occasionally 

C J, Warden 

Colttmlia Vnivcrstty 
j^ew York City 
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Hirsch, N D M. Tioiwj, Cambridge Harvard Univ Press, 1930. 
Pp. 159. 

Paterson, D, G Physique and Intellect New York* Century, 1930, Pp 
xvji-f-304 

FranzeNj R, Physical Measures of Groauth and NutnUou New York 
American Child Health Association, 1929, Pp xii+138 
Rose, M. S, ^ Gray, C E. The Relation of Diet to Health and Groauth 
of Children tn fnstituitons New York Bur. Pubis, Teach Coll, 
Columbia Umv, 1930 Pp vn+128 

The first volume of* this group is an excellent manual for parents in all 
things pertaining to the heredity factor in the development of the child. 
The author approaches the problem from a broad biological standpoint, 
presenting the known farts concerning the genetic background of the child 
m simple, non-technical language for the most part The treatment is 
systematic and covers such varied aspects of development as structure, 
function, and intelligence. Although the emphasis is upon the normal child, 
disorders of development are not neglected There is a special ebdpter 
on left-handedness and another on the problems of sexuality The hook is 
well illustrated and contains a bibliography of 418 titles This volume 
deserves to be read by every intelligent parent, although occasional diffi¬ 
culties are likely to be encountered because of the difficulty of explaining 
certain complex biological processes m simple, non-techmcal language. 

The little volume by Hirsch on twins is a valuable contribution to the 
experimental literature on this special phase of the heredity-environment 
problem The first three chapters deal with numerous general aspects ot 
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the phenomenon of twinning, while the fourth clmptci constitutes a very 
inadequate survey of previous tests made upon twins The remainder of 
the volume is devoted to the experimental work of the author, and this 
must be considered as the mam contribution. The author is convinced that 
he has been able to isolate the hereditary from the enviionmental factor in 
development fairly well at least Moreover, he is convinced that the 
hereditary contiibution is several times as important ns the environmental 
in human development, being more effective m such general tiaitg as intel¬ 
ligence than m bodily weight and other special traits He holds that 
heredity and environment should not be looked upon as essentially antago¬ 
nistic since the higher the type, the greater may be the modifying influence 
of environment The results of the author must be Anally evaluated, how¬ 
ever, in the light of the cumulative evidence resulting from many and 
vaiious types of approach to this general problem DeAnite conclusions of 
the sort drawn by Hirsch must be considered as entirely piematurc, 

The volume by Paterson Alls a real need in the Held of individual differ¬ 
ences, The piobfera of individuality is appioached from a broad biofogicaf 
standpoint An attempt is made to correlate various morphological and 
physiological indices with scores of behavior traits and intelligence Com¬ 
parisons arc made between such factors as height, weight, cranial capacity, 
anatomical age, morphological index, physical condition, and glandular 
constitution and the commonly accepted norms of behavioral adequacy and 
intelligence. It is impossible to indicate in this brief review the conclusions 
reached in the case of the several comparisons made. However, the general 
negative trend of the evidence, as interpreted in the Anal chapter, would 
seem to suggest the need of a re-evaluntion of both types of scores Involved 
in the comparisons Either a new anthropometry and physiology must be 
developed which bears some fairly close relationship to what the psycholo¬ 
gists measure, or the notion that physique and intellect arc related in any 
Important way must be abandoned The volume is exceedingly stimulating 
and should be widely read by both psychologist and anthropologist. 

The last two books of this group arc monographs of somewhat limited 
scope The Arst is concerned with the problem of the relation between the 
nutritional status of the child and such indices of development as weight, 
size of muscles, symmetry, etc The monograph is replete with tabular 
material covering measurements of the sort indicated on both se^ecs at 
vanous age levels. The book by Rose and Gray deals with the Influence 
of nutrition on the health and growth of children m institutions The 
effect of various diets, under such relatively standardized conditions, is 
determined Practical suggestions are also offered as to the best diet for 
institutional children, 

C. J. Warden 

Columbia Uuwersity 
Ne*iv York City 
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STUDIES OF ANIMAL RETENTION* I. NOTES ON 
THE RELEARNING OF A MULTIPLE-T MAZE BY 
ALBINO RATS* 

From the Psychology Lahoratoryj Stanford University 


Quinn McNemar and Calvin P Stone 


There is a dire lack of JcliabJc information on the retentiveness of 
rats as judged fiom the scat city of systematic investigations reported 
in the liteiatuie [See the paper by Schneck and Warden (6) for 
an extensive ieview»] Of eight studies dealing specifically with the 
subject, only foui present data in sufficient detail or have populations 
sufficiently laige to wairant any suggestive conclusions, 

Basset (1) * giving his rats five trials per day on a Watson circular 
maze and rcquiiing them to make five perfect runs on each of three 
successive days foi both learning and iclearning, found that witli a 
retention interval of 60 days the saving in days to meet the cnteiion 
was 65% and 77% respectively foi groups of 12 inbred and 12 con- 
tiol rats Studying the problem of ledintcgration, Brockbank (2), 
using four gioups of animals, 4 to 10 pei group, failed to find con¬ 
sistent Jesuits on savings for letention intervals of 30, 45, and 70 
days. Because of the great individual differences in his animals on 
leaining, relearning, and savings, however, one should not be sur¬ 
prised at finding inconsistencies with such small groups. 

Special points of inteicst to which Biockbank called attention are 
tlie suggestions that* the difficult alleys foi the leaining trials aie 
likewise points of greatest difficulty on relearning; previous training 
not only lowers the late of the oiiginal leaining, but also increases 
the amount of savings, relearning a maze is accomplished in fewer 
trials if practice is distributed rather than concentrated in the original 
series; and the task of learning another unrelated problem duiing 
tlie retention inteival does not result m an increase in relearning 
tiials, Ulrich’s chief interest (13) centered in ascertaining wliat 
modifications of reflexes were associated with the process of learning 
and relearning, lathei than the measurement of retention as con¬ 
ceived in the piesent aiticle He did not present tabular data indicat- 

’^Received in the Editorial Office, August 29, 1930 
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ing tlic amount of savings on rcdintegiation, yet in many respects liis 
results for a latch box, inclined plane, and Watson circulai maze 
appeal to corroborate the gcncial conclusions of Biocicbank In¬ 
dividual differences in the first lelcarrting tiials of Ins lats aftei in¬ 
tervals of 30 and 75 clays appealed to mask group tendencies as 
measiiied by the conventional criteiia of learning 

Stone (8) has shown that vaiious groups of lats which began learn¬ 
ing a simple platform box at the ages of SO, 70, and 120 days, 8 
months, and 2 years weie able to escape as quickly after a few trials 
of leleaming (letention inteival, 70 da 3 's) as In the final tiials of the 
learning sciics Some evidence that the foimer detiimental as well as 
beneficial habits were recapitulated by all of the age groups in the 
caily phases of relearning was given No consistent relationship be¬ 
tween age and pioficicncy of lelcaining was demonstiated. Moic 
stiiking illustrations of habit ictcntion foi pioblem box habits wcie 
affoidcd by vaiious age groups letraincd on a tuple platform box 
after an interval of appioximately 50 da 5 ^s The mean time foi 
escape dropped after one or two trials to the Level reached at the 
close of the learning period and thereafter continued to decline at 
a slow rate. Although in the early trials of leaining tlie younger 
groups effected theii escape moie quickly than the middlc-agcd or 
older groups, little diffeience between the age gioups was found at 
the end of the learning period and throughout lelcainiiig. Different 
age groups retrained on a modified Can maze after a retention In¬ 
tel val of 70 days, within 2 to 6 tiials, as a lule, reduced then mean 
time to the level achieved in from 16 to 20 trials of original learning. 
Rctiacings were no more numerous thioughout lelearnmg than at 
the close of the learning tiials. As to forward-going eirors, however, 
the case was somewhat diffeient. Most of the groups re<iched the 
level at which they closed the 20 tiials of learning within 4 to 10 
trials, but one old group, ovci two yeais of age, did not at any time 
in the relearning senes reach the low level made in tlie original In¬ 
spection of the individual scores of this group shows that the inferior 
mean relearning record was due, piimarily, to the influence of three 
animals which made extremely pool lecords. If these records weie 
dropped flora the gioup^s data, the curve of the old group would have 
reached its former level within approximately 14 to 16 trials. We 
were unable to determine conclusively whether the results of this old 
group are indicative of an age effect on letentivity, but the results 
strongly suggest that this may have been the case 
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Tlie most systematic study repoited is that of Tsai (U), who lan 
seven groups of 12 rats each on a Can-type maze and then gave le- 
tention tests aftei vaiying intervals of time His ciitenon was thiec 
pel feet luns, and the groups were so selected that means on the 
learning were approximately equal In Table 1 we give his results 
in teims of pcicentage saved as based on eirox scoies Tsai plotted 
these results and obtained a lincai curve of forgetting fiom which he 
concluded that the foigetting of lats does not follow the Ebbinghaus 
cuive for humans Howevei, to the reviewei, it would seem that 
with laigcr numbcis and longer intervals between learning and le^ 
learning theie may not be a linear lolationship, 

TABLE 1 
Tsai’s Results 

Retention intcival in days 7 14 21 28 42 56 84 

Per cent savings 95 94 90 86 80 78 60 


Source of Data for the Present Rlport 

The data herewith piesented aie a by-pioduct of another study and 
wcie collected undei working conditions that did not peimit of a 
systematic xStudy of the problem of letcntion, Nevertheless, the 
data were collected wftJi all the care that would have been exercised 
in a moie systematic piogiam Therefore, they should be adequate 
foi indicating some of the more important factois one should take 
into account in a well-planned systematic study of retention The 
data weie obtained fiom a multiple-T maze of 12 units. Only 
forewaid-going eriois (Stone and N 3 S\vander, 10) were considered 
Some of the animal groups wcie also tiained to discriminate lights 
and to open the door of a simple and a tuple platfoim box in con¬ 
junction with then maze training Thus the expeiimcntal back¬ 
ground of each group must be taken into account when making com- 
paiisons of cithei their oiiginal oi their releaining scoies This we 
have done. The aforenamed pieces of appaiatus and technique of 
expenmentation appropriate to each have been described elsewheic, 
hence no further comments seem necessary. The reader may refer to 
references 8, 9, and 10 of the bibliogiaphy foi an account of the 
multiple-T maze, the discrimination appaiatus, and the simple and 
triple platform boxes Each animal was stiongly motivated by liunger 
and leceived onl}^ one tiial daily on any of the instruments. 
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To provide the reader with an epitome of infoimation concerning 
agesj course of training, retention intervals, etc., for each gioup of 
animals studied or compaied, we have brought together such data 
in Table 2 Considering Group A as an example, Table 2 shows 
that It began on the simple platform box at the age of 21 days and 
continued foi five days, at the same age training on the discrimination 
apparatus was begun, and this continued for 40 days After t]ie 
simple platfoim box, Group A was tiansferrecl to the triple platform 
box wheic it received daily tuals until the age of 65 days. Maze 
training followed the trials on the discrimination box during a 30-day 
period At the age of 90 clays the group was given a respite from 
tiaining which lasted 20 days The retention tests on the tuple plat¬ 
form and disciimination apparatus began when the group was 110 
days of age This relearning peiiod lasted 20 days and was imme¬ 
diately followed by a iS-day relearning test on the maze. Between 
the last trial of the original maze scries and the fust trial of the le- 
leaining test 40 days elapsed This inteival is called the inter- 
maze or retention interval, and is the time factor with which we 
are chiefly concerned in this study 

AIethods for Comparing Groups 

In order to make comparisons, it is necessary to adopt methods 
by which the varying retentivity of certain groups can be char¬ 
acterized with reference to the other gioups Since no standard 
schemes arc available foi this paiticulai situation, we are using 
sevcial methods which seem to supplement each other, namely, gra¬ 
phical comparison of 30 tuals of learning and 15 tiials of lelcarn- 
ing; the average number of eirors for vaiious segments of the leain- 
ing and foi the total relearning trials, tht? percentage of errorless 
runs for the List 15 tiials of learning and the 15 trials of relearning; 
and the amount of savings in error scores Of these various methods 
of comparison, the amount of savings alone will require further 
amplification to he at once clear to the leader. 

By means of aveiages and graphs based on the data of learning 
and relearning, Jt is possible to make certain group comparisons, but 
these comparisons aie relatively crude in the absence of definite 
information concerning the actual amount of savings In order to 
get at the amount of savings from learning to lelearnmg, it is neces¬ 
sary that theie be some notion as to what this savings means—that 
is, savings to accomplish what^ Owing to the fact that these groups 
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of animals weie all luti 30 trials on learning and 15 trials on le- 
learning without reference to an arbitraly critenon of leainingi it is 
nccessaiy tliat we adopt some scheme which will show their rcleain- 
ing pelf 01 malices with rcfeience to their icspectivc achievements on 
the leaining series If, foi the present data, one weic to adopt a 
ciiteilon of ieainifig easy enough foi the slowest gioup to meet, one 
would have the bettci gioups i caching this ciitcnon long before 
the end of the 30 timls of leainmg, thus intioducing the factor of 
oveileaining for the better groups This factor would vaiy from 
group to group in such a way that no statistical device would hold 
It constant A bettei method would seem to be one which involves 
the actual peifoimaiice reached bv a group of animals, such, for 
instance, as the level icached on the last six tuals of Icaining. This 
Will give a definite figuie indicating the achievement of a paiticular 
group, and then the savings on icleaining can be defined as the savings 
to reach this same level of pciformancc. That is, each gioup will 
have a savings scoie based on its own pcifoimance just as though this 
petformance was the errors made in reaching an aibitraiy ciitenon 
of learning, As an example, if we take Gioup A, it will be noted 
m Table 4 that the mean number of errors on learning is 58.54, the 
mean of the last six trials is .70, and the mean numbei of cirois on 
Tcleaining to reach this level is 6 66, or a savings of 51 88 crrois 
Expiessed as a peicentage by dividing the savings in absolute eirors 
by the numbei of errors on the leaining, the peicentage savings 

is 89. 

If the original leaining of all the groups being compared weie 
equal, this concept of percentage saved would not be needed, absolute 
savings would suffice. This raises the question «as to the legitimacy 
of making comparisons between groups which have difteient initial 
performances, and, in paiticulai, it may be objected that the use of 
percentage savings is thereby invalidated If the critical reader exam¬ 
ines the content of Table 3, however, and relates the mateiial therein 
to the percentage savings as given in Table 4, he will find that the 
concept of savings heie used is borne out by diiect comparison of 
those figures which do not involve division or ratios That is, for 
example, if wc take Groups G and L (see Tables 3 and 4), it will 
be noticed that L is far supeiior on learning, yet on leleaining is 
inferior to G for both the whole and that pait of iclearning re¬ 
quired to reach the previous level of perfoimance. The difteience in 
savings, 83 as compared to 58%, bears out this relationship Or if 
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we consider the two groups, C and F, which have nearly the same 
original learning .scores, we note that their lelearning difters, aad 
also that the percentage savings is again in the right diiection Thus 
2 t IS evident tliat this savings ^core gives a result which is valid for 
anv comparisons which we wish to make. 
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FIGURES 1-8 

Learning and Relearning Error Curves 
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age ef¥ccts Analysis of Figuies 5 to 10 and of the means of these 
gioups rii Table 3 shows that the lanlc oidci of good performance 
on learning is L, K, H, and G, while foi relearning tins ordei has 
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Data on Savings tor the Several Groups 
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been reversed exactly. The reversal indicates that the yovngcr 
groups eithei retain iriQi.c or releaiii more easily In Table 4 it 
will be noted that foi the foregoing gioups the leleainmg ages 241, 
303, 428, and 530 days aic accompanied by the following percentage 
savings* 83, 81, 75, and 58, 

Thus It IS seen from the foregoing analysis that age may he an 
important factor influencing the relearning ability of rats Since the 
retention tests involve not only letention but also learning ability, 
however, it may be argued that age does not affect primarily the ability 
of the I at to letain a habit pattem but rather aftccts his ability to 
learn There are some lines of evidence which indicate that foi 
the ages hejc repiesentcd thcic is no noteworthy dcciement m the 
lat's ability to form new maze habits. Following the same technique 
as that employed while gathering the data of this study* Stone found 
no appicciablc reduction m ability to Icaui this multipIe^T maze 
and a modified foirn of the Carr maze by animals parallelling the 
age ranges of this study (Stone, 8, pp 59, 94, 106) If Stoners results 
are approximately correct, it would seem reasonable to infer that 
the diffeicnees herein leported are due to the impaiiment of age on 
retcntivcness of rats, Hence it follows that, in an attempt to study 
the forgetting curve or anv othci problem m which decrements in 
relearning ability are found, one should not neglect taking into 
account this factoi of age impairment, It may be of importance to 
dcteimine whether the factor of age decrement in retention may be 
neglected up to a ceitain age limit but thereafter must be taken mto 
account 

The Effects of Colluterd Learnt?!/; Experience on Releatnm//. 
It is a matter of interest and importance to know the effects on re¬ 
learning resulting from a course of training that occuned previous, 
simultaneous, or subsequent to tlie original ieainmg expeuence This 
subject has been touched upon by Biockbank (2), but Ins gioiips of 
animals weic so small that only suggestive conclusions could be 
reached. He states that the redintegration is not impaired in rats 
that weie rcquiied to leain to traverse a lope ladder during the 
retention mteivah Certain of our groups with varying collateral 
experience may be studied from this point of view. 

The learning expeiience of Groups A and B differ m the following 
respects: Gioup A learned and releamed the triple platfoim box 
and discrimination problem simultaneously and prior to the maze m 
each instance, B learned and relearned the triple platform box before 
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learning and lelearning the maze and disciimmation pioblem which 
were run simultaneously (bcc Table 2) As shown by Table 3, 
the numbei of errms made by Group A on its oiigmal learning is 
fewer than that of Gioiip B In relearning A is proportionately 
better tlian B and the peicentage savings ts the same for both (see 
Table 4), Gioup D, which had the same lunning experience as A, 
bears the same relationship to B with lespect to original and relearn¬ 
ing eirors as Gioup A and does not diftci appicciably from B in 
peicentage ^savlngs 

The collateral experience of Groups A and C diftci in the lespect 
that A leaincd and relearned the triple platfoim and the discnmnia- > 
tion problems siinultaneouslv and prior to the maze in each instance, 
wlieieas Gioup C learned the maze fiist and then simultaneously 
learned the tuple platfoim and the discrimination pioblems piioi 
to relearning the maze, As 5hown m Tables 3 and 4j Gioup A 
shows marked supeiionty to C on the ouginal learning but only 
slight superiority as to absolute number of eiiois on the leleaining 
trials Gioup C surpasses A as to pciCcntage savings The rela^ 
tionships of learning and leleiiinmg by these gioups is giaphically 
illustrated in Figuie 12, Gioup D, which had the same learning 
expeiicnte as A, is also infeuot to C as to percentage savings, 
although its original learning and the absolute numbei of criois 
made on icleaining is lowei than that of C (see Tables 3 and 4, 
^ilso Figure 15) 

Group B leained and rcleaincd the tiiple platform box before 
learning and lelcaining the maze and discrimination pioblems which 
wcic lun simultaneously; Group C, on the other hand, learned the 
maze first and then simultaneously Icained the triple platform and 
discrimination problems prior to lelcaining the maze Altiiough 
Group B surpasses Gioup C on the original learning, it is not better 
than C on the relearning; in fact, it is slightly poorei than C as 
shown by the giaplis of Figutc 13 and the data of Table 3, As to 
percentage savings, Group C clearly surpasses B, 

What, one may ask, Jo the foregoing comparisons indicate with 
lespect to the effects of varying collateral tiaining? First, it may be 
noted that Group C, which has the least amount of prehmmaiy 
training, is inferior in oiiginal learning to Group B which had, 
preceding its maze training, 40 trials on the triple platfoim box 
And Group B, in turn, is inferior to Groups A and D, which, in 
addition to the prehminaiy training on the triple platform box, were 
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albo tiained on the disciimination apparatus. Secondly, as to le- 
learning, it may be noted fiom a consideration of Figures 11 to 15 
that the mean diffeience in eiiors foi these four groups on relearn¬ 
ing is relatively small This may be due to the fact that, piioi to 
the time of relearning, the benefits to be derived fiom collateral 
tiaining have been appioximately equalized for all of the groups 
Thirdly, as to percentage of savings, it should be noted that the 
superiority of C over A, B, and D is piobabiy due to the fact that, 
on the otiginal learning, the final level leaclied by C is not as low 
as that of the othci gioiips, Hence, since Group C begins its 
lelcaining with only slightly more errois than the other groups, 
it leaches its pievious level of pcifoiiriance in fewei tiials and thus 
Its peicentage of savings is gieatci. On the othci hand, if C weie 
rcquiicd to reach the same level as A, B, oi D, moie trials would 
be lequited and its peicentage savings would then be about the 
same as those of the othci gioups It seems, therefore, that, as far 
as the above given conditions of collatcial training aie concerned, 
no gencjal conclusions can be drawn icgaiding the effect of laboia- 
tory experience on letentivity 

Effects of Vmyinff Retention Intervals* Only the results of thice 
expeiimcntal gioiips have a diiect beaiing upon the lelationship 
between length of retention intcival and the efficiency of relearning 
A gioup of 44 animals which received maze training from the ages 
of 26 to 55 days was subdivided into thiee small gioups, M, N, and 
O, and brought back to the maze foi leleaining after intervals of 
90, 60, and 30 days, lespectively Without considering oiigmal 
learning semes, the animals having the fiist 16 numbers were put 
into Gioup M, those with the next 13 into Gioup N, and those 
with the last 15 into Gioup O A moie satisfactory method of 
subdividing the oiigmal gioup would h<avc been one similar to that 
used by Tsai (11), namely, equalizing the gioups as to mean learn¬ 
ing scores by selecting individuals for each group on the basis of 
then individual Icaining scores, Thus would have been obviated 
the difficulty of dealing with somewhat diflfeicnt final levels i cached 
by the gioups 

Iri Table 3 aie given the numeiical data for these gioups. Because 
of laige individual diftcicnccs and wide daily fluctuations, facto is 
which have unpiedictable effects foi such small groups, the results 
foi these three groups are not wholly consistent from method to 
method. It may be noted from Table 3 and Figure 16 that these 
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groups are nearly equal on the fiist 15 trials of learning, but differ 
sufficiently on the last 15 to make the total ongmal learning not 
exactly equivalent. The percentage of eriorkss runs foi the last 
15 trials of learning is not consistent with the magnitude of the 
means for the same trials. On the 15 relearning trials the numbers 
of eirors made aie consistent with expectations on the basis of the 
differing time intervals, but again the peicentage of eiioiless runs 
IS not wholly consistent As to petcentage saving-^ (sec Table 4)» 
the values 84, 81, and 97 for the respective intervals of 90, 60, and 
30 days arc again paitially inconsistent with the h 5 ^potliesis that 
there is a direct relationship between length of inteival and amount 
of retention These vaiious inconsistencies would tend to indicate 
that the methods herein used are probably inadequate foi such small 
samples and tor short retention inteivals, Theiefoie, we aic unable 
to diaw any definite conclusions regarding the effects of tlic varying 
retention inteivals of this study 

Differences m the laboiatoiy experiences oi ages of the other 
groups of this study make unwarranted further attempts to determine 
the relationship between length of retention interval and the eiiois 
made on relearning In general, howevei, it may be said that those 
groups having a letention interval of 40-45 days have greater savings 
than those having an inteival of 120 days No conclusions concern¬ 
ing the so-called forgetting curve aie wan anted fiom the data at 
hand. 

Correlation of Lfarning with Rrlcarning 

The question may be raised as to the consistency of the perfoiin- 
ance of the rats from learning to releatning Do the lats which are 
best on learning also pertorm best on the relearning? This may be 
answeied by computing the coefficient of cot relation between the 
learning and releaining scoics, These coefficients are given in 
Table 5, in which also appear the vanous standard deviations, These 
coefficients, it will be noticed, aie moderately high and consistent 
with the exception of those for Groups L, M, N, and O The 
latter three are probably low because of the small range of ‘'ability'* 
as IS indicated by the relatively low standard deviations. The low¬ 
ness of Group L is to be accounted foi by the fact that two of the 
sixteen animals did exticmely well on relearning although they 
were poor on learning (By removal of these two the r becomes 
56), It will be noted that there is a fairly direct relationship be- 
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TABLE 5 

Standard Deviations and Correlation Coefficients 
30 Learning and 15 Relearning Trials 


Group 

N 

Standard deviations 
Learning Relearning 

Correlation 
Learning vs 
relearning 

A 

24 

15 61 

5 96 

628 

± 083 

B 

20 

21 71 

7,80 

507 

± 112 

C 

25 

45 90 

1010 

799 


D 

31 

20 92 

8 30 

.786 

± 046 

E 

22 

25 88 

9 62 

656 

±.082 

F 

34 

34 98 

23 98 

803 

±0+1 

G 

20 

\2 63 

1182 

.636 

±,090 

H 

14 

50 $8 

21 23 

891 

±037 

J 

26 

26.85 

9 6+ 

722 

±065 

K 

23 

34+2 

20 27 

75+ 

±060 

L 

16 

20 61 

IL59 

276 

± 156 

M 

16 

14 72 

8 55 

— 058 

± 168 

N 

13 

10.18 

5 42 

,192 

± 180 

0 

15 

13 21 

7 13 

012 

± 17+ 



Best weighted 

average ** = 

frS6 

±022 


tivcen the magnitude of tJ)e conelation coefficients and that of the 
standard deviations, \ e , theie is a tendency for the higher coefficients 
to occur wheic the lange is gieatci. This finding is similar to 
mental test data in which case the size of the correlation is affected 
by tlie lange of ability represented 

The coefficients for those animals having a letention interval of 
40-45 days do not diftei from those liaviiig an inteival of 120 or 
more days Thcie is no difference in the coefficients associated with 
age diffeicnccs, noi is there a difteiencc between groups having 
diffeient collateial training Hence wc may conclude that, if age, 
length of retention inteival, oi diffeiing couises of tiaining have any 
effect whatevei on the correlation of learning with iclearnmg, it 
does not appear m our icsuLts 

Using the method of Fisher (3, pp 163 ff ), wc have computed 
the mean of the coefficients m Table 5 and obtained 656dz.022 as 
the best weighted average of the coiiclation coefficients between 
learning and i el earning 

For those interested in the correlations of various segments of 
learning with relearning segments we have calculated and are rc- 
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FIGURES 17-lS 

PBRCE15TAOE Or ERRORLESS RuRS ON LEARNING ANO ReLEARNINO 

porting such results in Tables 6, 7, and 8 foi Gioups F, J, and AD 
(the Groups A and D weie littcimate controls and differed only 
in the fact that D was 55 days oldei than A when its tiaining began; 
as sliowp by then data of Table 3 and the giaphs of Flguie 1, they 
have almost identical learning and lelearning peifoiraances; hence 
tlierc IS no objection to combining then data for the piesent use) 
The coefficients of Tables 7 and 8 indicate that» in geneial, the 
higher coefficients aie obtained when the laigei number of trials 
are involved) and that the shoiter the segments the lower the 
coefficients As shown in Table 6 the coefficients foi Gioiip F aie 
inconsistent with those of the other tables in that high coefficients are 
obtained for the shoitei ns ivell as the longer segments The basis 
of this disciepancy lies primarily m the difference in range of eiior 
scores. In Gioup F tiiere were seven cases with excessively poor 
scoics on learning and relearning and the weight of these semes 
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gives rise to a laige covariation and Ingh coefficients of correlation 
for small as well as laige segments of the trial senes. 

A word should be said as to the inteipietation wc place on the 
coriclation of learning with relearning scoies, the weighted average 
of which is .656 ± 022 It would seem that the only possible inter- 
pietation of these coefficients is one legauling the consistency of 
peifoimance of animals on leainmg and iclearning* It is not pioper 
to iegaid them as coefficients of leliability, in the sense that this 
tcim is used in connection with mental tests, because in the maze 

TABLE 6 


Group F Segmfntal Correiations (JV=3+} 



Trials 

1-15 

Relearning segments 

2-15 1-10 2-10 

1-5 

2-5 


1-30 

g03 

747 

812 

821 

860 

876 

bn 

6-30 

810 

.752 

821 

828 

859 

875 

c 

6-20 

750 

696 

768 

773' 

808 

,811 

U 

1-IS 

693 

631 

722 

712 

776 

763 

u 

1-tO 

557 

SIS 

583 

579 

630 

626 

J-J 

16-30 

775 

731 

779 

,793 

793 

83+ 


21-30 

774 

.725 

773 

7S4 

787 

824 





TABLE 7 






Group J 

Segmental Correiations (A^= 

=26) 





Relearning segments 




TiiaU 

1-15 

2-15 

1-10 

2-10 

1-5 

2-5 


1-30 

.722 

6+0 

597 

565 

417 

,361 

M 

6-30 

722 

.628 

592 

546 

424 

342 

(h 

2 

6-20 

711 

618 

594 

561 

454 

380 

u 

1-15 

674 

.598 

.579 

551 

465 

426 

V 

1-10 

666 

603 

.SU 

570 

504 

.490 

»—1 

16-30 

633 

.561 

498 

+68 

276 

212 


21-30 

584 

510 

454 

415 

257 

178 





TABLE 8 






Group AD 

SiiOMPNiAL Correlations (N~ 

=55) 





Releaimng segments 




Tiials 

1-lS 

2-15 

1-10 

2-10 

1-5 

2-5 


1-30 

731 

712 

705 

681 

684 

663 

bC 

6-30 

680 

656 

624 

644 

656 

609 

□ 

3 

6-20 

649 

611 

638 

618 

637 

582 

1-1 

1-15 

,6-14 

594 

596 

.582 

593 

575 

u 

I-IO 

574 

583 

550 

567 

552 

596 


16-30 

638 

626 

625 

608 

557 

527 


21-30 

514 

492 

494 

473 

449 

399 
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Situation letcntivity is involved That these coefficients cannot be 
legauled as indicatois of the relationship between Icainuig ability 
and retentivity is evident If one recalls that both retentiveness and 
learning ability enter into rdcainmg pcrfoimance, The lektive 
weight of these two factors cannot be dctei mined by present analyti¬ 
cal methods- 


Variability of Performance 

Gioup to gioup comparison of the stand aid deviations in Table 5 
tells something conceining the relative homogeneity of the groups 
hcie studied, A compauson of the standard deviations foi learning 
and relearning may laise an old question, namely, the effect of piac- 
tice on individual diffeienccs Howcvei, as has been stated gencial-' 
ly, the comparison of absolute deviations in data of this nature is 
meaningless Furthermoie, since it is rather illogical to assume 
that we have an absolute ^eio, the use of the coefficient of variation 
in this connection could not be justified Hence we do not believe 
that any legitimate conclusions can be drawn from our data con¬ 
cerning practice eftects on individual differences In connection 
with vailability it may be of interest to know how the better animals 
compare with the poorer animals on relearning Figures 19, 20, 
and 21 show illustrative curves for the best and worst animals as 
compared with the curve of the average The outstanding charac- 
of the best thot, although Uttle oo the 

first relearning trial, their curves drop much quicker than the aver¬ 
age. The curves foi the poorer animals start higher and then show 
a quick drop similar to that of the average. If one notes, however, 
the level reached on leaining by the best and woist animals, and 
then relates their relearning peifoimance thereto, it will be seen 
that the best and worst animals lequnc about the same number of 
tiials to reach theit previous levels as requned by the entire group to 
icacli its level. This would suggest that, when lelative performance 
IS consideicd, the worst do as well on lelearning as the aveiage or 
best. 


Conclusions 

The foiegoing data and their analysis would seem to wan ant the 
following deductions’ 

1, Age ns a factor seems to affect the retentivity of lats for maze 
habits, This effect may be independent of possible parallel effects 
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Tn^ts 

FIGURES 19-21 


Thl Best, Avlr\gp, and the Worst Animal Plrfoumances on 
Learning and Rciearning 
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on the leainmg Jibihty of the lat, i.e., it may be an efiect on the 
functioning of the rat’s* '‘memoiv’* 

2 Collatejal tinmmg may have an apparent eftect on retention, 
as measured by the iclationship between oiigmal and jreleainmg 
scoics* This eftect maV arise fiom the Influence of collateral tialn- 
ing on the oiigmal as well as the relearning tiials 

3 An increase in the length of the retention uiteival is asso^ 
ciated with a deciease m the amount letalncd Our data aie not 
siiificicjitly complete to peiniit of any statement concerning the foini 
of the ^^foigetting” curve of the rat 

4 The dcgiee of consistency of individual peiformances fiom 
learning to relearning is indicated by coefficients of coirelation avei- 
aging .656=fc 022 The size of the coefficients foi diffeient gioups 
depends largely upon the range of peiformances lepicsented. 

5 The foim of the relearning cuive for ciiois is bomewhat 
similar to that of original learning m these studies whexein animal 
gioups did not completely mastei the maze, Undei these con¬ 
ditions, relearning appcnxs to be a continuation of the learning 
piocess 
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feTUDES Dli LA RLTENTION PAR LES ANIMAUX’ 1 NOTES SUR 
LE NOUVEL APPRENTISSAGE D’UN LABYRINTHE 
MULTIPLE'T PAR DES RATS BLANCS 
(Resume) 

Ce lapport coiisistc en notes siii la retention de 14 groupes de rats (299 
mdivitlus) pliitot qii’une ^tiide 8yst(5matiqiie du piobleme de la intention 
L’tigc tcin un fnctciir important qtii inHue sui la capacitc dc ictenii les 
habitudes dans le labyiinthe, surtout cliez Ics animaiix qm ont atteint ou 
passe nii-dela de Tage moyen Cct efiet pourrait etic independant des effets 
paralleles possibles de I’age siii la cflpacite de I’apprentissage chez les rats, 
c’est-6-cliie, li poiiirait etre nn efFct sin le fonctionnement de la “memoire” 
dll rat Bieii qu'on ait trouve que la quantity rctenuc a un rappoit avec la 
longueui de I’lnteivalle de la retention, on n’est airive ^ aucunes conclu¬ 
sions de/inies ^ Tegard de la coiirbe de ‘'roiibhLa forme de la coiirbc du 
noiivel appientjssage des crieuis lessemble quclque pen i celle du piemiei 
appientissage dans ces etudes ou les gioupes des animmix n’ont pas com- 
pletemcnt appiis le labyiinthe dans la premiere seiie Dans telles conditioni 
Ic nouvel appientissage semble etie une continuation du processus de Pap- 
pientissage Le dcgie de Constance dcs iciidements indivulucls entie 
Pappientissage et le nouvel apprentissage est indique pai des coefficients de 
correlation donnat en moyenne 0,6S6HrO,022 Dans Ic nouvel appientissage 
ainsi que dans le piemier appientissage on pent voii I’lnlluence de rentrajne- 
ment collateral 


McNemir et Stone 
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UNTHRSUCaUNGEN t)BER DIE BEIBEIIALTUNG IM TIERGB- 
PACHTNIS I BEMERKUNGEN tlBER DAS WIEDERERLERNEN 
EINES MANNIGEALTIGEN T-LABYRINTHBS DDRCl^ 
ALBINORATTEN 
(Rcferat) 

Dicser Benclit bcstelit ehei aiis Bemerkungen ubcr die Beibehaltung 
(^'retention'') bei 1+ Rattengruppen (299 Indivjducn) wic aus emer syatem- 
ntischeJi Unteisiichung cies Problems der Beibehaltung im AJJgemeinen 
Der Faktor des Alters ubt wahrsclieinhch cmen wichtigen Einftuas auf die 
Beibehaltung von Labyrinthgcwolinlieiten aus, besonders bei Tieren die das 
mittlerc Aker erreicKt Oder paasieit Uaben Dieac Wirkung kann von par¬ 
allel einhergchenclen Wirkungen des Alters auf die Eeinfahigkeit dei Ratte 
iinnbliangig sein, d h,, sie kann eine Wirkung auf die Tatigkeit des "Ge- 
dachtnisses” der Ratte sein Obvpohl ernnittclt wurde, dass das Quantum 
des Bcibehakenen mit der Lange des Beibehnltungsintevalls (“retention 
intfiivarp m Bcriehnng steht, wurden uber die Kurve des Vergessens keinc 
bestiinrnte Schliissfolgeningcn gemaclit Die Form der Kiirye der Feliler 
beim Wiedc^erlernen glcicht ctwns dei Kuivc des uraprunghchen Lerneng 
in diesen UJitersuchungen, worm die Tiergruppen das Labyrinth m der 
iirspnnghchen Sene nicht gan? beliersschcn lernten Unter solcheti Ver- 
haltiiiaaen scbcint dqg Wiedererlernen cine Forfcsctziing des Lernpiozessea 
zu sein, Del Grad der Cbcreinstimmung zwiachcii Lernen nnd Wiederer- 
lernen bei den emzclnen Tieien wird dnreh Durclischnittskorrelationsko- 
eih^ienten von 656it 022 angedeutet Bei dem Lernen -vvie bei dem Wie- 
derericrneri paacht sich der Einfluss von Nebendressierung (“collateral train¬ 
ing") bemerkbar 
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THE MEMORY SPAN OF PRESCHOOL CHILDREN’* 

Ftovi the Depnrlvient of Psychologyj Columbia Vuinisf sUy 


Em7ABeth B. Hurlock and Ella D. Newmark^ 


Memoiy span has come to be accepted as one of the foundations 
of intellectual development and is rarely omitted from any battery 
of intelligence tests Most of the work on memory has been done * 
on adults and school childleii, but vciy little on the preschool child 
In the pa-^t few yeais, howevei, psvchologi^its have given memory 
tests to pieschool cluldien A brief summary of this work is given 
below and is grouped undei the following subdivisions (rt) digits, 
{b) syllables, {c) words, {d) tapping of cubes, {e) commands, (/) 
lecall and lecognition of pictures, [g) logical memory 

Historical Survey 
Digit Tests 

McCaulley (25) studied the relative values of the loiward audito- 
vocal digit memory span and the leveise span test. One thousand 
white and Negio childien fiom Grades 1 to 8 were tested For fivC' 
vear-old children, rated as “good“ in school standing, the foiward 
span langcd flora 4 to 6 digits; foi six-year-olds, from 4 to 8 digits. 
The levcrse span was slightly lower The forward span for chil¬ 
dren rated as “pooi” in school work, was from 3 to 5 digits for five- 
year-olds and from 2 to 6 digits for six-year-olds, with a lowei le- 
verse span in each case 

Hallowcll (17) studied the audito-vocal digit memory span of 
657 babies langing m age fiom 12 to 47 months. The results showed 
that “of 192 two-yeai-olds, only 3 gave 5 digits, 20 gave 4 digits, 
while 3 was the mode Even in the three yeai group, not until 46 
months or almost the 4th birthday, do at least half of tlie cases give 
a span of 4 or moie 

Town (37) tested the digit memory span of 44 children between 

^Accepted for publication by Carl Murchison of the Editorial Board 
and received in the Editorial Office August 20, 1930 

The junior author gathered and tabulated the data for this study, the 
senior author assisted m planning the study, in the interpretation of its 
results, and in writing this report 
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five End SI\ yeitis ol <ige Lists of 6 numbcis were lepeated bv 4 
cUildrea of this gioup* The avciage scoic was between 4 and 5 
numbeis, while the 50 percentile score was a span of 4* The auclitoiy 
memoxy test foi digits was given to 100 child len whose ages langcd 
from two ycais nine months to siy veais eight months by Baylcv (3) 
The results sliowed a large piling I'P of scotes at 4 digits, while vciy 
few of the childien could lemembei more than 5. 

Gcsell (15, pp 97-99), using a gioup of 50 normal children, 
tested at 4, 6, 9, 12, 18, 24, 36, 48, and 60 months of age, found that 
at foui years 50% to 64% of the childien lemembered 4 digits, 
while at five years 65% to 84% passed the 4-digit test. In the 5- 
digit test, 1% to 19% Ptissed at four 5 ^eais and 20% to 49% passed 
at five ycarb. 

ide (21), testing kindeigaiten childien ranging in age from four 
years to five years eleven months, found that the average auditory 
mcmoiy span for digits foi all four- and fivc-yeai-old children of 
either sex was 4, 

Smedley (31) found that both the auditory and visual memory 
span for seven-year-old children was 5 digits He found that those 
children with superior memQr\' span are usually physically superior. 

In a study of 120 superior childien, tanging m age from three 
yenxa eleven months to fourteen years nine months, Jones (22) 
obtained the following results 


L Auditory memory span 

2 Visual 

memory span 

3. Reveise span 

Score 

Age 

Score 

Age 

Score 

Age 

5 

3 S 

5 

3,11 

3 

3 It 

C 

3.11 

6 

411 

4 

411 

7 

42 

7 

7U 

S 

72 

1 

57 

S 

6 + 

6 

79 

9 

79 

9 

79 

7 

89 

10 

9.5 

10 

gio 




Easby-Grave (9) tested 7500 childien in lA and IB grades 
The results of this experiment showed that the frequency mode foi 
the auditory span was 5 digits and foi the visual span, 4 digits. 
roit 5 ''-two per cent of the children failed to give nny reveisc span, 
Young (40), testing children from foui years to ten years eleven 
months, found that the average forward span foi four- and five- 
year-olds was 4 digits; for six- and seven-year-olds, 5 digits. The le- 
versc span increased with age 
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Stan (33) gave the Audito-Vocal Digit Memoiy Span Test to 
2000 children, ranging in age from four to fifteen years At the 
age of four, the foiward span was found to be 4 digits, and failuie 
for the icveise span, at five yeais of age, the foiward span was 
4 digits and faihiie foi the leveise; at six yeais, the forwaid span 
was 6 digits, and, again, failuie foi the icversc* 

Humpstone (20, p 31) found that in a distribution of fiist-grade 
childicn the median span foi digits was 4 at the age of five yeais, 
while at the age of six 32% of the 87 cases studied had a span 
of 5 01 moic, and 1 % had a span gf 6, none a span of 7- 

Syllables Tests 

Jonc') (22) pave a “Sentence Span” test to 120 supciioi childien 
The numbci of syllables langcd fiom 13 to 35 A score of 13 was 
given bv age 3 11 

Gescli (15, pp 97-99) found that the leproduction of 3 oi 4 
syllables was too difficult for two-yeai-old childien, while at thice 
years of age, 85% to 100% pass the 6-svllables test, and at four 
yeaib of age, 65% to 84% pass the 12-svllables test 

Squiie (32) found that at the age of six the maximum number of 
syllables coiiectly lepioduccd was 10, the minimum 6, and the aver¬ 
age, 7 8. 

Caipentei (6), testing 18 six-year-old childien with a seiies of 
sentences, obtained an avciage score of 5.3 syllables foi this yeai 
group Town (37), in an expeiiraent with 44 cluldien, found only 
8 who could lepeat sentences containing 16 woids 

J'Fofds Tests 

Stutsman (35) gave a woid test to 529 chddien langmg in age 
fiom 18 to 71 months The test was found to be of value for ages 
18 to 24 months. At 24 months, 87% of the childien reperitcd all 
the words 

Whipple (39, pp 150-221) gave a mcmoiy test foi abstiact and 
j concrete woids. He states that "woids whose meaning is under¬ 
stood are more easily retained and reproduced than woids whose 
meaning is not undeistood " 

Burt (5), using concrete and abstiact woids foi an immediate 
memoiy test, found a con elation of -f- 58 between concietc and 
abstract memory. 
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Cube Tests 

Baldwin and Stccher (2, pp. 106-115), applying the Knox Cube 
Test to preschool children, tound that the age averages were less than 
one line correctly leprodnced at two and thiee yeais of age, while 
at the age of fovu the average was 1 4 lines correctly reproduced. 

Town (37) gave the Knox-Pintner Cube Test to a group of five- 
and six-year-old childien. Of the 44 children tested, the ^'largest 
group of 13 made their chronologicjil age score, only 4 failed to make 
a score corresponding to their chronological age, and 27 exceeded it 
fiom 1 to II veais.*' 

Pintner und Patcison (28, pp. 67-70, 136-138) gave the follow¬ 
ing standards for preschool ages; in age five, the 100 percentile was 
6 lines; the 50 peicentilc, 2 lines; and the 10 peiccntilc, 1 line, In 
age six, the 100 percentile, 8 lines; the 50 percentile, 4 lines, and 
the 10 percentile, 1 line, 

Cominrfiids Tests 

Bayley (3) used foui sets of commands, langmg from one to four 
conunands, in hei “Duactions Tests'* given to 100 childien The 
results of this test showed a piling up of scores at the high end, show¬ 
ing that the tests were not difficult enough for the gioup tested, 
GcselPs (15) experiment on preschool children had the following 
results with the execution of thiee commissions At thiee years of 
age, 20% to 49% passed, at four years of age, 50% to 64% passed; 
and at five years, 65% to 84% passed 

Recall a\td Recf^gmiion Tests 

Town (37), in her testing of 40 children ranging in age from 
five to six years, found that the average score foi iccognition of pic¬ 
tures was 55.5 or 5 pictures, while only 4 childien of the group 
could recognize as many as 10 pictures. 

I^aylcy (3) used objects instead of pictures for hei recognition 
test. Nine objects weic sKown to the children. The results weie 
that “the test was simple enough so that all made some score, yet 
hard enough so that none made a perfect score.’* 

Baldwin and Stecher (2, pp, 106-U5) gave a Recognition Pic¬ 
ture Memory Test to preschool childien. The results showed that 
“almost all the children named the stimulus pictuies as they looked 
at them, repeating the series several times A good deal of con¬ 
fusion was discernible, the childien thinking they had just seen an 
object, whereas it had been piesented on a previous stimulus card “ 
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Tlie age scores showed an average of less than one picture recog¬ 
nized at two years, and at 6 years, the average was 11.5 

Squire (32) used a picture recall test for six-year-old children. A 
card 8 by inches, on which weie arranged 20 pictures of unre¬ 
lated objects, was exposed to each child for 30 seconds. It was 
found that for age six, the average number of pictures remembered 
was 5,3, with a maximum of 7 and a minimum of 3. 

Chambeilam (7) studied the power of recall in the case of 180 
children of thud, fifth, and eighth grades Each child was shown 
15 objects singly, and then together The child was asked to name, 
at the end of the expciiment, all the objects he could remember. 
The results showed that ^\'ibility to memorize or to recall does not 
incicabe leguLuly with advance in age or expeiicnce/* 

Carpenter (6) showed a card containing pictures of 20 objects 
to a group of children from six to fouitcen years of age. The avei- 
age numbei recalled by six-yeai ^olds was 5 3 

Logical Me?72ory Tests 

Foster (12) studied the learning and reproduction of sensible 
piose material (stones) by very young children Thirty-one chil¬ 
dren ranging in age from two years seven months to four years nine 
montlis, and with IQ^s of 95 to 143, were tested. Each story was 
read 10 times. The results showed a marked supenonty of the oldest 
groups The correlation between chronological age and total score 
was -1-74, and between mental age and total score, 65. The sex 
difterence was in favor of the boys 
English and Jones (10) found that the average number of ideas 
recalled from a short Story read to preschool children was 23.5 with 
an S D oi 4.7 

Aim of Investigation and Selection of Tests 

The aim of this experiment was to obtain a thorough knowledge 
of the memory span of the child just before he enteis school; to find 
out whether memory span tests are diagnostic of intelligence; and 
to discover which tests correlate highest with intelligence test scores. 

The tests used weie devised by the writer and were based on simi¬ 
lar tests described by Terman (36, pp 121-323), Kuhlman (24, pp 
60-182), Herring (18), and Whipple (39, pp. 150-221). 

The tests used were as follows* 
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Atuhto}y Mevioty Spfifi Tests 

1. Digits Fox ward 

2 Svllables 

3 Concrete Words 

4 Abstiact Words 
5. Digits Backwaids 

Visual Memory Span Tesn 

6 Recall of Pictures 

7. Recognition of Pictures 

Kinaesthelic Test 

8. Tapping ot Blocks 

Logical A'leinojy Test 

9, Paragraphs 

\ 

Direction Test 

10, Commands 

In the Digits Foiward Test (Test 1) theie weie three sets of 
digits, each set beginning with a seilcs of two digits and ending witli 
a series of seven digits- The memory span was considei ed to be that 
series of digits conectly rcpioduced in two out of three trials, and 
the score was the longest senes repeated twice. 

The Syllables Test (Test 2) consisted of five sentences, the first 
having 12 syllables, the second, 14 syllables; the third, 16 syllables; 
the fouith, 18 syllables, and the fifth, 20 syllables. Sample sen^ 
teiices wcie. (14 syllables) *^We are having a fine time in school 
totlay, playing ball,’* and (20 syllables) ^'Aftci playing in the snow, 
John went to his home, ate his dinner and read a book ” The scoie 
was the maximum number of syllables correctly repeated. 

The Concietc Words Test (Test 3) was made up of words se¬ 
lected fiom Gates* (14) A Reading Vocahttlaiy for the Primary 
Grades Two sets of words, beginning with a series of two woids 
and ending with a series of six woids, were used Sample woids 
were: Series I (a) oinnge, baby, (e) cup, bead, work, tiee, and (e) 
grass, tree, boy, dress, light, shoe The memory span was con¬ 
sidered to be the longest list of words correctly leproduced twice 
In the Abstract Words Test (Test 4) two sets, beginning witli a 
series of two words, and ending with a series of five words, were 
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used. Sample words weie Senes I {a) truth, pity, (c) sadness, 
woiiy, thanks, ludeness, and (^0 piide, waimth, revenge, haidncss, 
envy The merxioiy span was the longest list of woids conectly re¬ 
produced in the two trials 

In the Digits Backwards Test (Test 5) thiec sets of digits weie 
used 

The Recall of Pictures Test (Test 6) was made up of pictures 
cut from chaits in the Van Alstyne Picture Vocabulaiy Test (38). 
The child was shown three pictuies, was asked to name each, and, 
after one of tliesc had been icmoved, the child was asked to tell which 
pictuic It was The test increased in difficulty until the last test con¬ 
sisted of seven pictures, three of which were removed 

The Recognition of Pictiucs Test (Test 7) was also made from 
the Van Alstyne Picture Vocabulaiy Test (38). It consisted of a 
senes of pictuics langitlg in number fiom 3 to 7 In cAch part of 
the test, a numbei of pictuies, equal to the oiigmal niimbei, was 
added, and the child was asked to point to those pictures he had 
seen fiist The scoie was the maximum number of pictuies recog¬ 
nized 

The Tapping of Blocks Test (Test 8) was taken fiom the Pint- 
ner-Patcison Perfoimance Test senes (28) The scoie was the 
maximum number of blocks tapped in coiiect oidei 

The Logical Memory Test (Test 9) consisted of two para- 
giaplib selected fiom Heinng’s (18) Revtmn of the Bmet-Swion 
Scale. The SCOic was the aveiage of the total number of ideas le- 
membcied m both paiagraphs 

The Commands Test (Test 10) was a modification of Test 6, 
Year 5, of the Teiman Revision of the Binet-Simoii Scale (36) 
Thcie were thice sets of duections The first contained 2 separate 
directions, the second, 3, and the thud, 4 The scoie was eithej 2, 
3, 01 4—the maximum numbei of commands executed in exact 
order 


Subjects 

Twenty children enrolled m a public kindeigarten of P.S. 87, 
Manliattan, New Yoik City, were the subjects foi this studv.^ The 

The wnteia wish to express their gratitude to Mrs. RutK SchatteUa, 
Principal of Public School 87, Manhattan, New York City, foi allowing 
them to use the kindeigaitcn gioiip as subjects foi this expenment, and to 
Miss Powers, teacher of the kindergarten group, for hei cooperation 
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TABLE I 

Chrouolocigal Ace, Mental Age, IQ, and Total Memory Scores 

TOR All SUDJECT3 


SMU)ccts 

Chronological 

Age 

Mental 

age 

LQ. 

Total 

memory 

score 

1 

5^8 

7-10 

138 

60 

2 

5-8 

6-8 

118 

43 

3 

5-10 

7-2 

123 

50 

4 

5-6 

6-8 

121 

SO 

5 

5-5 

6-2 

114 

48 

6 

5-9 

5-5 

94 

36 

7 

5-4 

6-2 

116 

48 

8 

5-6 

7-2 

130 

57 

9 

5-3 

5-2 

98 

36 

10 

5-5 

6-8 

123 

49 

11 

5-5 

6-3 

115 

45 

12 

5-7 

5-10 

104 

44 

13 

5-6 

6-0 

109 

49 

14 

5-7 

6-4 

113 

57 

15 

5-6 

6-2 

112 

46 

16 

5-4 

5-2 

97 

37 

17 

5-10 

5-8 

97 

43 

18 

5-4 

7-0 

131 

62 

19 

5-7 

6-8 

119 

53 

20 

4-9 

5-4 

112 

43 


gioup included II boys and 9 gills, ranging in nge from four yeais 
nine months to five years ten months. The average chionological age 
for the group was five years six months. 

For the purpose of having an objective basis ot comparison withm 
the group, each child was given the Stanford Revision of the Bmet- 
Simon Tests, The IQ scores ranged fiom 94 to 138, with an 
aveiage of 114 2. The mental age scores ranged from 5.2 to 7 10, 
with an average of 6,3. In Table 1 are given the chronological and 
mental ages, the IQ scores, and the total memory scores foi each 
child* 

Results 

The results of the Memory Span Tests were expressed in terms of 
average, mode, median, 25 percentile, 75 percentile, standard de¬ 
viation, and probable error These computations are shown in 
Table 2. The various types of memoiy test and the correlations 
with each other are shown in Table 3 

It Is interesting to find in Table 3 a highly positive correlation be- 
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TABLE 2 

Scores on Memory Tests 



Test 

Aveiage Mode 

Gv 

Median Qi 

SM 


1 

Digits Forward 

50 

4 

45 

54 

6,5 

1.20 

100 

2 

Syllables 

IS 1 

16 

14.3 

16 1 

167 

160 

120 

3, 

Concrete Words 

43 

4 

42 

4.7 

55 

,80 

.65 


Ab'itract Words 

3 0 

3 

32 

3.5 

38 

,67 

30 

S. 

Digits Backwards 

95 

0 

0.0 

00 

26 

120 

60 

& 

Recall of Pictures 

1 2 

1 

1 3 

1 6 

20 

100 

35 

7 

Recognition of Pictures 

61 

7 

60 

6.7 

7.3 

1.00 

65 

8 

Tapping of Cubes 

43 

5 

42 

50 

5,5 

79 

.65 

9 

Logical Memory 

43 

3 modes 3 0 
7 

A 

45 

30 

2 08 

.00 

to. 

Commands 

3 3 

2 

1 

32 

3 7 

42 

55 

50 


tween nil the lotc memor}'^ tests, A few of the highest of these scoies 
me given below 

Digits FolWRrd—Conciete Wotds i -j- 75 
Digits Fonvard—Abstract Woids / = -j- 72 
Digits Fonvard—Syllables r = -|-,63 

Syllables ■—Concrete Words r = 70 

Syllables —Abstiact Woids / =63 

In Table 4 aie given the correlations between each test and the 
IQ score of the child The Logical Meitvory and Syllables Tests 
correlated highest with intelligence, with an r of ,76 in the case of 
the first and .72 in the case of the second, The lowest correlation, 
—,9, was found in the case of the Digits Backwards Test, 

In compaiing the lesults given on Table 2 with those of othci 
invcstigatois, it was found that the scores of this expeiiment aie a 
little highci than those pieviously lepoitcd Since the average of 
this gioup is 5 6, we can compaic our icsults with those of five- and 
six-year-old children reported by other experimcntcis. 

In sentence or syllable memory, Terman (36) places 16 to 18 
syllables as average for six-ycar-old children The median foi this 
test m this gioup was 16 1, which is high, according to Terman 
standard, since the average age of the children \s 5 6 years. 

Terman (36) places 4 digits as standard at four years, and 5 
digits at year seven The median for this group m the Digits For¬ 
ward Test was 5 4 Gesell (15) says only 20% to 49% of five- 
year-olds pass the S-chgit test The results for this group m digits 
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TABLE 3 
CoRREf^iiTfow Scores 


(Memory Tests) 


1 

Digits Forward — Digits Backwards 


—.9 

03 

2 

Digits Forward — Syllables 


+ 63 
09 

3, 

Digits Forward — Concrete Words 

r = 
PE = 

+ 75 
07 

4 

Digits Forward — Abstract Words 

P2? = 

+ 72 
03 

5 

Digits Forward — Tapping 

PE = 

+ SO 
11 

6 

Digits Forwaid — Pictiues Recognition 

pk= 

+ ,11 
15 

7 

Digits Forward — Commands 

PB = 

+ 4-7 
,12 

8. 

Digits Foiward — Elements of Pniagraphs 

PE = 

+,54 

11 

9. 

Digits Forward — Pictures Recall 

p!e = 

+ 68 
08 

10 

Pictures Recognition — Pictures Recall 

PE = 

+ 37 
.13 

11 

Concrete Words — Abstract Words 

PE = 

+,53 

11 

12. 

Concrete Words — Syllables 

P.E=: 

+ 70 
08 

13 

Concrete Words — Tapping 

P.E = 

+ 47 
12 

14 

Concrete Words — Digits Backwards 

PE,^ 

— 8 
05 

15 

Concrete Words — Pictures Recognition 

PE.= 

+ 37 
13 

U 

Concrete Words — Commands 


+ .51 
11 

17 

Concrete Words — Elements of paragraphs 

r = 

+ 56 


1 

PE = 

11 

18. 

Concrete Words — Pictures Recall 

r = 
PE = 

+ 57 
11 

19 

Syllables *— Abstract Words 

r = 
P,ii = 

+ 63 
09 

20, 

Syllables — Tapping 

r = 
PE = 

+ 45 
12 

21 

Syllables *— Digits Backwards 

r = 
P.E = 

— 6 

1 

22 

Syllables — Pictures Recognition 

PE = 

+ 19 
,15 

23 

Syllables — Ccmimands 

P.E,= 

+ .63 
,09 
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TABLE 3 (coniitmed) 
Correl/ltioW Scores 


(Memory Tests) 


2+ 

Syllables — Paragraphs 

r ;= 

+ 55 



11 

25 

Syllables — Pictiiies Recall 

T = 

+ 68 


PE = 

09 

26 

Abstract Woids — Tapping 

} = 

+ 52 


PE = 

11 

2L 

Abstract Wouh — Digits Backwards 

r = 

^9 



P,E^ 

03 

28. 

Abstiact Words — Pictures Recognition 

r ~ 

+ 33 


PE,= 

13 

29 

Abstiact Wot els — Commands 

f = 

+ 66 



PE = 

09 

30. 

Abstract Woids — Parpgiaphs 

1 = 

+ 57 



n 

31 

Abstract Words — Pictures Recall 

7 — 

+.50 



PE=^ 

.11 

32 

Tapping — Digits Backwards 

r — 

— 3 


PE = 

05 

33. 

Tapping — Pictures Recognition 

r = 

+ .29 



PE = 

.14 

34 

Tapping — Commands 

1 — 

+ 72 


P.E = 

08 

35 

Tapping — Paiagrnpha 

t = 

+.56 



Pi? = 

11 

36 

Tapping — Pictures Recall 

r = 

+ 63 


P.E.= 

09 

37 

Digits Backwards — Pictiiics Recognition 

; — 

— 4 


PE^ 

13 

38 

Digits Backwards — Commands 

r = 

—.9 


1 

.03 

39 

Digits Backwards — Pictures Recall 

r — 

— 6 


P.E = 

1 

40. 

Digits Backwards — Pnragiaphs 

r = 

— 9 



03 

41 

Pictures Recognition — Commands 

r = 

+ 39 



P.E = 

,13 

42 

Pictures Recognition — Paragraphs 

r — 

+ 31 



P,E^ 

13 

43 

Commands -- Paragraphs 

r — 

+ 44 



.12 

44 

Commands — Pictures Recall 

r = 

+ 79 




.07 

45 

Paragraphs — Pictures Recall 

T — 

+ .54 


PE^ 

11 
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TABLE 4 
Correlation Scorcs 
(Memory Testa and IQ Scores) 



Tests 

r 

PE,, 

1 

Digit a Forward 

+ .59 

n 

2 

Syllables 

+ 72 

.08 

3. 

Concrete Words 

+ 52 

.11 

4. 

Abstract Words 

+ 55 

11 

5. 

Digits Backwards 

—.9 

.03 

6 

Recall of Pictures 

+.61 

.09 

7, 

Recognition 

+ 42 

12 

S. 

Tapping Cubes 

+ 59 

11 

9 

Logical Memory 

+ 76 

07 

10 

Commands 

+ 64 

.09 


forward can theiefore be con<;idered high Termnn places the 
ability to Tender three commissions as standard at year five and 
Gesell says 65% to 84% of the five-year-olds pass the three com¬ 
missions test. The median of this group was found to he 3.7, 

Those children who gave a reverse span of 3 in the Digits Back¬ 
wards Test had IQ scores of 138^ 123, and 121. Only three 
childlen had a reverse span of 3 The coi relation between tlie 
Digits Backwards Test and IQ was negative (—.9), The Digits 
Backwards Test had a negative con elation with every Qtliei memory 
spaa test. 

The correlation between the Digits Forward Test and the Digits 
Backwards Test was —9i suggesting that these two tests have 
nothing in common and test different abilities. There was a gieat 
difference between the median scoics for the Digits Forwaid Test 
and the Digits Backwards Test. The median for Digits Forward 
was 5.4 and the median for digits in reverse was 0. The correla¬ 
tion between the forward digit test and the IQ scoies was positive 
(+59). 

Both the Syllables Test and Logical Memory Test stood very 
high in their correlation with IQ The coefficients of correlation 
were respectively 4-.72 and +.76 There was a positive correlation 
also between both abstract and concrete words with IQ scores. The 
coefficient of con elation for abstract words was +.55, and for 
concrete words +.52 The conelation between abstract and con¬ 
crete words was higher than we expected it to be. It was +.53 



MEMORY SPAN OF PRESCHOOL CHILDREN 


169 


The childien did not find much difficulty in repeating the abstract 
words. 

Recognition did not correlate as highly with all the other memory 
tests as did recall The coefficients of correlation for recognition 
and other tests aie all below 50, while the correlations between 
recall and the other tests are all above 50 Recognition had a 
greatei span than lecall, The median score for recognition was 
6.7 and for recall, 1.6. Recall correlated higher with IQ scores than 
recognition The coefficient of correlation for recall was +.61; for 
recognition, + 42 The coefficient of correlation between the total 
score and the IQ scoie was +82, 

Summary and Conclusions 

1. The use of the Digit Backvvaids Test proved that the concept 
of rcvcise was much too difficult for preschool children. The task 
of giving digits in reverse oidei is bevond the ability of the pre¬ 
school children used m this experiment due to the fact that it m* 
volves complete reoiganization, whereas the foiward span involves 
merely the ability to imitate The leveise span is more complex 

2. The Digits Backwaids Test could not be successfully taught 
to the child who did not understand it at once 

3. The Digits Backwards Test is not diagnostic of the intelli¬ 
gence of such young cliildicn 

4. The Digits Forward Test is highly correlated with IQ and 
is diagnostic of intelligence 

5 The Digits Forward Test and Digits Backwards Test differ 
entiiely from each other and seem to test different abilities, 

6. The Syllables Test and Logical Menioiy Test determine the 
child^s immediate memoiy foi ideas and meaningful material Both 
correlated high with the IQ scoies. 

7. The memory span for lists of words is a good test of geneial 
intelligence as the conelations aie positive For abstiact woids the 
correlation is +55; foi concietc words, +.52 

8 Recall is a better test for the geneial ability of memory than 
recognition In the Recognition Test, the stimulus is presented a 
second time and has to be identified Recall requires absolute re¬ 
production without any outside help Recognition comes to the 
child more easily than does lecall 

9. The Diiections Test or Commands could have been moie 
difficult m Older to distiibute the abilities of the blighter childLcn 
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more eftcctively* A continuation of this test by the addition of five 
and SIX commands would be a better measuic of the ability of 
superior children of these ages* 

10- The mcmoiy span tests aie highly diagnostic of intelligence. 
The coefficient of col relation was 
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LA CAPACITY DE M^MOIRE IMMEDIATE CHEZ LES ENFANTS 
PMSCOLAIRES 
(Resume) 

On a fait cettc experience dans le triple but d'obtenir ime connaigsance 
parfaite de la capaette de memoire immediate chez lea enfanta prescolaires, 
de savoir si lea tests de Cette capacit6 sont diagnostiques de rintelligeiice, 
et de d^couvrir lesquels de ces testa ont la correlation la plus 61ev^e avec 
les lesultats dea tests d^ntelligence, 

Les tests cinploy^a ont formiil6a par lea auteurs ct bas^s sur dea teats 
semblables clients par Terman, Kuhlman, Herring et Whipple II y a eu 
des teats composia de syllabes, de chiffres progresaifs, de duff res rigicssifs^ 
de mots concrets, cle mots abstraits, du lappel de tableaux, de la reconnaia- 
annee de tableaux, dii tapping de cubes, de paiagiaphes, et d^ordres. 

Vingt enfants d’un jardm d'enfants municipal cle la ville de New-York 
ont etc les sujets, dont 11 gargons et 9 hlles^ variant cn age de 4 ans> 9 
moiB, 5 at\9, 10 mois, avec un age moytn de 5 ana, 6 rams, Le QJ moyen 
a 6t6 de 114,2, et \*hge mental moyen de 6,3, 

Un court risiime des rdsultats d donni les conclusions suivantes: le tests 
des chiffres rigressifs est trop difficile pour les enfants de cct age, le test 
des chiffrcs progrcssifs a line correlation ilevee avec le Q I ; les tests des 
syliabes et de memoirc logique donnent touft de«x vme col relation ^levee 
avec I'intelligence, la con elation des mots abstraits avec Pintelhgence a 
ete de 0,5S, avec 0,52 pour les mots concrets et Pintelhgence; le test du 
rappel s’est moiuri mcilicui pour la capacity gen^rale de memoue que celui 
de la reconnaissance, le rdsultat composi des tests de memoire immidiate 
employes a donne unc coirelation de 0,82 avec lea i^sultats dea testa d'ln- 
telligencc 

Hurlock et Newmark 


DIE GEDaCHTNISBREITE (^MEMORY SPAN’') VORSCHULPFLICH- 
TIGER KINDER 
(Referat) 

Dieser Versuch hatte ein dieifachea Zicl eine grundhehe Kenntnia der 
Gedacbtnisbreite ("memory span”) voiscludpflichtiger Kinder zu erlangen, 
7u ermitteln, ob sich Intelligcnz durch Pitifiingen der Geddchtnisbreite 
festelien Insst; iind zu bestimmen, welche Prufungen der Geclaclumsbreite 
mit der Intelligcnz am engsten in Zusainmenhang stelien 
Die von den Verfassern gngewendeten Prufungen wurden von ihncn er- 
funden unci atutzten sich auf ahniiche Prufungen von Terman, Kuhlmann, 
Herring, iind Whipple beschneben, Es gab Prufungen bestehend nus Silben, 
Zahlrcicn vorwarta zii sptechen, Zahliclen ruckwarts zu spreeben, konkrete 
Woitcr, abstiaktc Worter, Zuruckrufung von Bilclern, dag Antappen von 
Holzkiosschen [in gewissei Reienfolge], Paragraplien, und Befehle, 

Alg Vcisuchspersoneit dienten 20 Kinder aus cinem offentlichen Kinder¬ 
garten in der Stadt New York Es waren 11 Knaben und 7 Madchen, 
deren Alter sich von 4 Jahre 9 Mon ate bis 5 Jahre 10 Mon ate erstreckte, 
mit einem Durchschnittsalter von 5 Jahren 6 Monaten Der Durchschnitts- 
intellificnzquotient betrug ll‘42 und das "geistige Alter” ("mental age”) 
im Diirchschmtt 6.3, 

Eine kurze Zusammenfagsung betonte folgende Ergebnisse* (1) Zahlsenen 
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ruckwnrta 7U wiederholen ist fur Kinder in dieaem Alter 2 U scliwer. (2) 
Die Fahigkeit, Zahlsenen vorwarts 711 wiederhalen stcht mit dcm Intelli- 
genzquotient in enger Beziehung. (3) Intelligenz stand mit Gedachtnis 
fur abatrakte Wbrter in einem KorrelationsveihaUnis von 55* und nut 
Gedachtnis fur konkrete Worter in cmem ICorrelationsverhdltnia von 52, 
(4) Die Zuriickrufung erwiea sich als Prufung der allgemeinen Gedachtnis- 
fnliigkeit besser gecignet als die Wiedercrkennung (5) Die zusammenge- 
setztc Zahl (“composite score”) fur die gcbrauchten Prnfungcn der Gedacht- 
niabreite stand mit den Intelhgenzquoticnten in einem KorreUtionsverhdltnis 
von .82, 

Hurlocic uwd Nlwmark: 



AN OBJECTIVE MEASURE OF EMOTIONALLY 
TONED ATTITUDES 

from the rsychaloifical LabcraiQUes of Clatk Univeisity 


Dorothy M. Olson ani> Vernon Jones 


Difhculty of Measuring Attitudes 

Actitiides can no longer be consideicd to be unmeasuiable The 
work of Thurstone (13-1S)| Watson (16), Chave (3, 15), Dioba 
(4), Halt (6), Jones (7, 8), and others have indicated that it is 
fcasilile to measuic attitudes iclmbly m cases ivheic the subjects aic 
sufficiently cooperative to aiiswei tiuthfuUy vaiious questions which 
aie put to them But the value of a measuring mstiument is greatly 
diminished when its validity is dependent upon the accuiacy of one’s 
observation of Jus own attitude^ and on liis vCiacity in icpoiting his 
observations, It is neccbsaiv, of course, to have the coopeiation of 
the subiect in any sort of examinatioiL Even in the case of a powei 
or speed test coopeiation is lequiiecl of a subject, hut, once he is 
sufficiently cooperative to submit to the examination in these fields, 
he can usually be depended upon to do ins best if motivation is 
piopeily handled In the measuiemeitt of attitudes, however, much 
more cooperation is icquired if the results are to be valid, for it is pos¬ 
sible in each question for the subject to feign any attitude which he 
feels may be to his advantage lit the present stud}^ an attempt is 
made to get aiound this difficultv by measuiing attitudes through the 
analysis of involuntary i espouses where dissimulating would be 
impossible. 

PROBI EM 

The piesent study lepiescnts an attempt to dcteimine the strength 
of certain emotionally toned attitudes by measuring some involuntaiy 
motor responses in an association test situation The attitudes 
studied aic those towaid racial, leligious, social, and economic-politi¬ 
cal question?. The predominating aims weic to sec if it was possible 
to discover without dependence upon verbal responses (a) differences 
m stiengths of attitudes toward commonplace concepts and toward 
these controversial issues, (i?) the relative strengths of these four 
problems in provoking affective responses in a given individual, and 
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(f) die iclativc standing of a i^ioup of subjects in sticiiirth of enio- 
lioiiallv toned attiludcs loMaid tlic foiii issues. No attempt Mill he 
made to iletciminc the diieLtion Mdiith tite beliefs m .iintudes take 

Aim* vKAi'iJs 

'i lie appaiatus used in the cxpeninent Loiisisted luiiKipallv of a 
L\iri( iiiaph, a voice ke\, Uao sets of iCLcivinji: lamboins .ittaclied hv 
an an s\stcni to nceillcs, a mctionnme> lUul lelct^iapli key, 'Flic 
subject Mas uimioitahlv scaled in tiunt ol tlic voice key (see J'k^uic 
1) 'rills voice kL\ was vMcd in senes AMth a batteiv of di\ cells 
A contact point on a lelav Mas Miied in senes Mitli a kvinoLnapli 
needle and a battciv of dn cells I'lic ciuuil also contained a kiiife- 
sMitcb, mIulIi M'as closed at the bei^inninu: ot each cxpciimenul iiciiod 
When the voice key vibiated, the liist ciiciiit mms biokcn, mIiicIi pci- 
mittcd the contact point to close the second ciicuit 'i'he closinp; ot 
the ‘-econd ciicuit caused a dcMation of the ktma^iapb needle Thus 
each syllable of tlie vctbal ic'-poii-c of the subject was iccoidcd as a 
scpaiate iiiaik on the k\mo^iapb papei 

Duectlv bclund the voice kcA, tbete auis a vcitical boaid {]{) 
cm V iO cm ) attached to a movable base About 20 cm above tlic 
base and at citliei side of the \Litical boaitl Mcie alt«iclied Lmo oval 
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icccivinfT tiini^ouiS] ovei ^^Juth A\as stictclicd ihin inbhci sheetiii^ 
'1 lie subject ^Y,\s instuiLtcii u> test bis clbinY'i cum 1 oil ably on the 
base .incl to icst tlic foiu imj^cis of eaih liaiu) on the lubbei dia- 
phiAjrms tliioii^^hmit the c\pciimciit With the aims luulei the 
slight tcnsioiv ncecssav^ to keep them \w this elevated position, imci 
1 espouses wic picsumably jccouled than ini^^lit be the ease it the 
amis Mcie at lest on the table top The vcitical ho.ud to winch 
the (liapluaiims weic attadicd ivas movable and unild he adiwsted to 
the aini-len^tli ot each subject. To each of tlic lubbei diapliia^ms 
Mas attached a lubbci tube (5iiim inside diametei aiul 2d0cm in 
lcn[^th)j 'which lan to ii iccoidin^^ tainboiu to which was fastened a 
metal needle, so that any vaiialions ot an piessuie within the an 
chambei wTie lecoided In means ot this needle on tlic smoked kymo- 
giaph papci, 

I'hc expeiinientci was seated at the table to which the kym()e;ia]ih 
was attached, and wMs thcictaie to the ii^lit of and somewhat behind 
the .subject The kvmoy;! aph, show n in Fijiinc 2, w^as so placed iliat 
the diiim w«is in a hoii/^ontal position The length of tlie pajici 
Was 17Ccm The kvmo^»;iapli Avas set at a slow speed, and tlic papci 
moved at the latc ot 24Lm pci minute 

A tclcj^iapli key Avas placed in a position con\cnicnt toi tlic c\- 
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pctiinonlci to manipulate with the left hriiicl n'hc key 'v\.is ^\llCi\ 
in a senes ^Mth di} cells and a mct«il nmllc Simiiltcincoiisl)^ witJi 
the of tlic stimulus wuuh the cxpciimeiitcL picsscd down on 

this key which hioke the contact and was tccoidcd as a deviation 
in the line on the smoked sheet In aciditioii to tlio stimulus key 
opciatcil hv the c\penmen ter, thcie v^exe also at the expeumenters 
Iclt two switches One, a double knifc-switcli picviousU ictcjied 
to, contioiled the tw'o ciicuits Avhich connected voice key and voice 
needle The othci contiollcd the time line which w\rs m.nkcd olf hv 
a needle wiicd in senes with a mctionomc placed in a sound-pioof 
hux located in an adjoininfr closet 'The mctionomc wms adjusted to 
close the ell cult once even second 

The live ncctlles which tiaced on the kvmoj»iapli p,Lpei have now 
been desenhed As slunvn m the accoinpanvme; sample iccoid 
(Fif^uic 3), the lowest needle inaikcd oft the time in seconds, the 
second iccoidcd the time the cxpciu-ncntci called out the stimulus 
w^oid, the thiitl lecoided the tune the lespciisc woid wms ^ivcn hy the 
subject The fouith and iifth needles iccoiclcd any vaiiatioris in tlic 
piessuic of the hn^cis of the subjects iijilit and left hands, icspec- 
tivclv, upon the lubbci diaphiagm 'I'licse vanations manifet^tcd 
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iliansclvcii on the kxinnj^uiph iccoul in tlie toim ol luiis ot two t\pcs 
‘inall inns whidi oLLUiicd betwetii Llic stiniulns aiul the le-ipoiisc, 
winch we shall icfei to .is the pichminan iespouse, aiui the 
movements which the subject made simiiltanconslv with the vcibal 
I espouse acLOulum to the jnstiiictiuns e:ivcn The lattci wc shall ic- 
lei to as tile main iespouse* 

SURJI'CIS bsM) 

Si\h-oiic toilette students weic used as subjects, ^>5 of wliom vvcie 
men mid 6 went women Lach of these w.is \i[\u\ tlic test iiidivid- 
iialh So till as udlct^e tiaininp: was concoincd, the iiiinij) A\as 
constituted as follow^ 7 collei^c ticshmcn, 5 sophoinoies, 8 juiiiois, 

sLiiiois, .ind 8 p;i.jduate students Intclh/^cncc test scoics' w^cic 
,L\,iilal>lc ioi only those students w'lio weic below tlie seiiioi class 
level The mean peiccntile scuic foi this [.noup was 047. wnth 
a standaid dc\ lalion of 227 "1 he laiu^c was tiom 108 to ,926 We 

ma\ conclude, theiehiie, that oui ^^inup, oi «it least that poition 
which was tested, w.is somewhat above the a\(Map;e of the |i;cneial 
un(leip;iaduate eollejic population of the eoiinln 'The lanj^e, how- 
evei, was wnle It was not feasible to make a stud\ of the cultiiial 
haLlcmoiind oi ihc subjects, hut it was tlie unannnous opinion of 
all meinheis of the hiLiiUv consulted that the h«ickii;u)iind of i)\u 
i^ioup was below' the aveiaj^c ot the collef^e students toi the coiiiitiv- 
at-hiiee, hut ai^ain the i.mp:c was wide 

N \l URh OI I ill Tl SI 

The device used to stimulate emotionalU toned iespouses was tlie 
in latlici lapid-iiie manncM, of woids and hiicf sentences 
beaiinj^ on foui issues conccininp: which piejiulice-* aic picsuniabh 
stiniijj: AlLojj^cilici tlieic wcie 06 woids and 14 •'entencjs In tlie 
case ot the \votds, each subject was diiccted to lespond woth the hist 
wout wIiilIi lie thought ot; in llic case ot the sentences lie was 
diiecletl to say “v(s” oi “no” to each statcnicnl, indicatini^ a‘j:iecnieiiL 
OI disai^ieemeriL UMicse veibal icspuiiscs weie taken in oidci to dis- 
liact the attention of the subject tiom ccitain motoi iespouses which 
wc wMshed to me .vine, liowev'^i, nothini^ depends upon these veihal 
1 espouses, .Is will he 4Kmn latci 

Mhc iiilcilLKLiiLe ic^t ir uil wms ihc Ps>clu)l()^ical Fxaiiiiiniion foi 
FnirniUs dcMstil In I L 'rhiiisUHU and piddishcd bv the Ameiican Covineil 
on Fdueation, W^ishinHtnn, D C I he slaiulaid piiuciinlc scenes neue 
basetl iH)on llie setucs of a\>pinxiin.ilLh 35,(il)0 eolleizic ficsjimcii 
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Ten woids bore on religious issues and were selected with a view 
to Stirling up in the individual an emotional icsponsc if lie had any 
stiong bias in one diiection or another on this issue The words in 
the test which wete designed to do this weie numbeis 5, 6, 20, 21, 
26, 27, 41» 42, 62, and 63 The sentences designed to do the same 
thing wcie numbers 4 and 5 Six woids were designed to leveal 
lacial prejudices; they were numbeis 14, 15, 35, 36, 53, and 54. 
The sentences beaiing on this issue wcic numbers 1 and 2 Four¬ 
teen woids and two sentences bore on such contioveisial issues in 
the field of social relations as maiiiagc, prohibition, and law cn- 
foicement, they were woids 8, 9, 11, 12, 17, 18, 32, 33, 38, 39, 
56, 57, 59, 60, and sentences 7 and 8 Fouitccn words and two 
sentences dealt with contioveisial issues in the economic-political 
field, these wcie woids 2, 3, 23, 24, 29, 30, 44, 45, 47, 48, 50, 
51, 65, and 66, and sentences 13 and 14, 

The remainder of the woids, 22 in numbei, weie included as 
control words So fai as could be detcimined these woids bore 
upon no controveisial ibsiic They weie selected fiom the Kent- 
Rosanoff list because of the low frequency with which unusual 
individual iespouses wcie given to them in the free association test 
In addition to the words, there were also four sentences used for 
contiols. 

The grouping of the wouls into the foui catcgoiies was of necessity 
done somewhat aibitianly Most of the words fell definitely into 
one of the four divisions, but a few of them gave trouble in that they 
might have been classified in either of two lists. There was at least 
one word in the “lacial” categoiy which might have been grouped 
in the “religious” list, and there were one or two words in the “social 
lelations” category which might have been placed in the “economic- 
political” list, and vice veisa The final placement of such woids 
was deteimined on the basis of majority judgments of graduate 
students in the fields of histoiy, economics, and sociolog 5 \ 

Table 1 gives the entire list of stimulus words and sentences. 
The woids and sentences are given m the order in whicli tlicy were 
dictated to the subjects The words and sentences m plain type 
aie the contiol stimuli, those in italics aie designed to call out emo- 
tionallv toned responses 

Directions to the Subject 

The subjects were at no time infonned as to the exact purpose of 
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TABLE 1 

Words and Sentences Used as Stimuli roR the VERnAL and the 
Motor Responses 


1, Table 

2 , Boh/je<vlsi 

3 Soviet 

4 Mountain 

5 Homan Catholic 

6 Pope 

7 House 

S // ee love 
9, Sirt/i control 

10 Chair 

11 Labor union 

12 Child labor 
13, Fruit 

14 

15 Lynching 
U Carpet 

17 JVontan juffiage 
Ur Pemunst 
.19 Lamp 

20 lieligwii rmval 

21 Miracles 
2?. Bread 


23 Commnmsm 

24 Radical 

25 City 

26 Preaching 
27,. Motahznig 

28 Whistle 

29 Big business 
30r IFall Street 

31 Blossom 

32 Companionate 
marriage 

33 Dwofce 

34 Foot 
35, Jevi 

36 Synagogue 

37 Window 

38 Capital punisfment 

39 Pmon refoi m 

40 River 

41 FvndameiJtalisi 

42. ImmortaUty 

43, Needle 
44 Lajidlof d 


45 Capitalist 

46 Hammer 

47 Ifar 

48, Miliiartsm 

49 Hand 

50 Socialist 

51 Rotanan 

52 Wild 

53 Nigger 

54 Kn Klux Klaii 
55, Head 

56 Censorship 

57 Prohibition 

58 Stove 

59 Social service 

60 Mini main viage law 

61 Cottage 

62 Caihohclsm 

63 Vatican City 
6+ Liglit 

65 Pacifisl 

66 Peace movements 


1 

2 

3 

4, 

5 

6 , 

7. 

8 


9, 

10 , 

11 . 

13 

13 

14, 


Negroes are shiftlesSf lazy^ and lawless 

The Ku Klun Klan ts an ulIde^lJa6^e oiQanixaiioii, 

Babe Ruth is a famous baseball player 

dil religious beliefs are uvscientific, 

Roman Catholics are supefsiUtous 

Commander Byrd flew to the South Foie. 

IVomen should accept the double standard'* in moi aU. 
Women are unable to compete intellectually mtk inert 
The Nava! Conference was held in England 
Jews take advantage of a man tn business 
Jews make most desirable citizens 
Lindbergh is a 'well-known football star 
The government should control all industry 
We should recognize Soviet Russia^ 
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the expeliment. The instructions were uniform for each subject 
After a biief pieliminaiy statement, the subject entered the expeii- 
mental lOom with the expeiimenter. The subject was seated in a 
ch^iir m fiont of tlie voice key, and was instructed as follows 

^‘Please rest your elbows comfortably on the shelf, and rest 
the four fingers of each liand on the rubber disks ** 

The expel imentci made sure that the subject was in a good com- 
foi table position, that his elbows were resting on the table, and that 
the fingers of each hand, not including the thumb, were resting lightly 
on the lubber disks 

The following directions wcie then given to the subject' 

'‘I am going to call off a series of words to you As I call 
each word, I want you to respond with the first word you can 
thtnk of Foi example, if I should say *chair,* you might 
respond with ‘table*; if I should say ‘book’ you might say 
‘paper ^ Throughout the experiment, yonr fingers must con^ 
tinue to rest on these rubber disks and must always be in contact 
with them, However, as you speak your word lesponse into 
the voice key, I want you to press down quickly with both hands 
on the rubbei disks After pressing down, be sure your fingers 
always remain m contact with the rubber*** 

Befoie the regular test began> ten preliminary woids were given 
by way of practice. The preliminary woids were chair, floor, 
book, papei, sky, hill, door, roof, glass, and pencil* 

The 66 test words weie then called out by the experimenter in 
a clear voice, but witliout any special emphasis on any particular 
woids, As each word was called out, the expeiimenter pressed the 
telegraph key which registered on the kymogiaph lecoid the time 
when the stimulus woid was given 

After the woids were completed, the experimenter gave the follow¬ 
ing directions* 

“I am going to read to you a ?eucs of ‘sentence'?, If you agiee 
with the statement made m the sentence, say ‘yes ’ If you 
disagree, say 'no* At the same time that you make your 
response to each sentence, press down on the rubber disks 
just as you did for the woids** 

The fourteen sentences weie then called off 
Before leaving the cxpenmcntal room, the subject was asked not 
to reveal anything of the nature of the expeiimerit to other students. 
The students were very coopeiative, and it is believed that they at- 
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tempted to follow tins suggestion- Judging from the attitudes and 
questions of subjects when they appealed for the examination, it 
seemed that they knew little or nothing about the appaiatus or the 
woids used m the test As a fuither contiol, no mention was ever 
made of the woid ''pre 3 udice” dvnmg the cxpeiiment. No one 
besides the expeiimcnteis knew until all the observations had been 
taken that the expetimental words weie designed to fit into the four 
controversial categoiies of race, icligion, social relations, and eco^ 
nomics-politics. 

Quantitative Measurements or Kymograph Records 

Since the aim of this study wRs to see what progiess could be 
made in measuring attitudes without dependence on the verbal re¬ 
sponses of subjects, no particular inteicst was taken in the verbal 
lesponses, though they were taken down as a matter of record The 
mam interest was centcied on the niotoi responses which wcie legis- 
tcred on the kymograph records Even a casual glance at the re¬ 
cords showed that there weie, in geneial, qualitative differences 
between the runs for the control and foi the expeiimental words. 
Luria (10), in his study of criminals, had found that, and he was 
content to rest his case on the assertion that such qualitative 
differences would always be found, In criminals and psychopathic 
cases where extremely strong responses are made to certain concepts, 
it may be possible in every case to identify cleaily the experimental 
word. But m the present study any dependence upon qualitative 
differences would have opened the way to much guess work. It 
was decided to make numeiical measurements of the runs on the 
kymograph records $0 that they might be handled statistically. There 
were two important measurements to be made in connection with the 
motor responses to each stimulus word or sentence: first, the 
measurement of the height of the main excursion registeied when 
the verbal and motor responses weic made simultaneously, and, 
secondly, the measmement of the runs which appeared before the final 
response was given. 

The main responses were measured to the nearest millimeter by 
means of Vernier calipers. The distance measured was the total 
height of the run of the needle above the level at which it was 
registering when the stimulus word was given In Figure 4, for 
example, the distance OR is taken to be the height of the main motor 
response for the first stimulus woid and 0‘R^ for the second. 
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A Diagram Illustrating the Method or Measuring the Prfliminary 

RESPONStS 

point at which stimulus was given 

Measurements of these mam responses were tried but given up 
because, fiom a study of the results on two-thirds of the cases, it 
was found that no significant diffeiences weie being obtained 
between the control and the cxpeiimental words, This finding 
agrees with the qualitative obseivation of Luna (10) to the effect 
that It is not the mam responses which aic significant for the dis¬ 
covery of the affectivity of the subject, but lathei the prehmmary 
responses ^ 

The second measuiement which was made was that of the tallest; 
lun piehminary to each mam run. This measuiement is illustrated 
diagrammatically in Figuie 4 The distance D5 is the length of 
the longest pieliminaiy run for the stimulus word given at A Theie 
was no prelimmaiy lun (i,e, pieliminaiy lun of 0) for the 
stimulus word given at X These pieliminaiv responses weie 
measured in this manner for all the words and sentences of all the 
subjects Separate measures weie made, of course, for right-hand 
and left-hand lesponscs Veinier calipers weie used m making the 
measuiements, and the lesults wcie repoited to the neaiest milli¬ 
meter, By means of these measurements it was possible to tianslate 
these luns on the kymograph rccoid into quantitative form so that 
they could be treated statistically 

^In connection with the measurements of these mam responses, it should 
be said, Uowevei, that while we find no evidence that any significance can 
be attached to the mere height of these main runs, it la atill possible that 
the area described by the mam run, especially if combined with the pre- 
Ununary runs, would be significant Indeed, it is not improbable that a 
mcasuie of the total length of the curved line from the point where one 
stimulus word was given to the point where the next word was given would 
represent the best possible evaUiution of these motor responses. 
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Pressey X-O Test 

The Presscy X-O Test foi Investigating the Emotions (11) was 
given to 38 of the subjects The 38 cases weie selected out of the 
total group of 61 on the basis of convenience of classroom testing, 
these students constituting two entiie undeigiaduate classes, one 
in Education and the other in Educational Psychology It was not 
feasible to test the othei students. 

Ratings and Rankings by the Subjects 

After the testing was completed, each of the subjects was asked 
to lank the following types of pioblcms in older of then potency 
for alousing in himself emotionally toned attitudes: questions of 
religion, questions of lace, questions of social relations, and questions 
of economic and political nature* The four categoiies to be ranked 
were made specific by the giving of seveial illustrative woids in 
connection with each. In order to encourage fiankness in these rank¬ 
ings, emphasis was placed Hist upon the fact that the experimenters 
weie not concerned about what their attitudes were but only about 
the stiength of them, and, secondly, upon the fact that the cxpcii- 
menters weie not concerned even about the strength of individual 
attitudes except as they supplied reliable data for this statistical 
study. A system of identification numbeis was employed instead 
of names. 

After this sclf-iating was done, the subjects were asked to rate each 
other They were assured that these ratings would be kept strictly 
confidential, and no names were signed to the rating sheets. Since 
the college from which these subjects were taken was small, number¬ 
ing 252 undergraduate students, and since the majority of the men 
were upperclassmen, it was believed that each man would be well 
acquainted with at least 8 or 10 men of the group tested. One 
whole fraternity consisting of 18 men cooperated The subjects 
were given a list of names of all who coopeiated in the experiment, 
and they were directed, fiist, to pick out the one peison whom they 
considered to have the mo$t strongly emotionally toned opinions 
on economic-political problems and place his name at the top of 
the list for such problems. They were instiucted to do the same 
for each of the other three issues. The rateis were free to place the 
same name at the top of more than one list if they desired to do so. 
Next they were asked to go through the list of names and select six 



TABLE 2 

Comparison between Responses to Experimental and Control Stimuli 

Facts for the experimental words given for the four categones separately 
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men whom they knew best» not inclucling those whose names had al¬ 
ready been put at the top of the lists The men of the fiatcrmty which 
was cooperating were asked to select fraternity hi others. The raters 
weie then asked to rank these six men in order on tlie basis of the 
strength of their emotionally toned opinions toward economic- 
political questions, and then to rank the same six on social issues, 
and then on lacial issues, and, finally, on religious issues. 

Results 

Differences beHveeu Responses io Expermcntal and Conti ol 
Stinfult, One of the liist problems which RUse in connection with 
this method of attack in the measuieincnt of attitudes is the success 
with which these motor responses seive to chffeieiitmte between the 
expciimental and the contiol stimuli If the technique is measuiing 
anything, it seems obvious that it should yield different results for 
these two. Table 2 gives the compaiison between the responses on 
the contiol words and sentences and the experimental wo ids and 
sentences, botii for totals and for sepaiatc catcgoties The table 
shows clearly that the responses to the expeiimental words and 
sentences are stronger than those to the control, 

The average difference between the total experimental wards and 
sentences and the control wordb and sentences is t 81 millimeters. 
This difference is significant statistically as is indicated by the latio 
of the difference to the standaid deviation of the difference, which is 
in this case 10 45 to 1. If this ratio were 3 to 1, the chances of 
this difference becoming ztio would be only 27 out of 10,000; with 
a ratio of 10 45 to 1 the chance of this difference being due to chance 
eirois lb infinitesimal. Not only is this diflfeiencc between the totals 
significant, but also the diffcience between the control group and 
each of the separate groups is significant. It is interesting to note 
that the greatest diffeicnce was obtained between the control words 
and the words in the social lelations categoiy This tends to indi¬ 
cate that the subjects examined in this study leactcd more strongly 
to verbal stimuli involving questions of social relations than to 
stimuli involving questions of race, religion, or economics and 
politics It seems probable that a factor contributing toward the 
strength of reactions m this category is youth's general affcctivity 
toward questions of sex The difference heie may not mean so much 
a matter of stronger attitude toward one side or the other of the 
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issues m the field of social relations as it is a matter of strong emo¬ 
tional response to any questions directly oi itidiiectly relating to 
sc\ Since we are concerned here with the discovciy of issues which 
touch ^Vffectivity spots” in the individual and not with the analysis 
of the leasons behind such sensitivity, we have not attempted to 
discovei how much of the total response was due to emotionally 
toned attitudes toward thib oi that method of control and how much 
was due to attitudes toward the thing contioiled 

The responses to leligious issues wcie the next strongest after 
tliose m the field of social lelations, then followed lacial questions, 
and, lastly, economic-political questions. 

Reliability of the Test Measnies* In attempting to discover how 
reliably the test was measuring whatever it was measming, a coi rela¬ 
tion was computed between the icsults yielded by two halves of the 
test That is, the total score oi words 2-j-6-{-8-|-12 . . sen¬ 

tences 2+4-|-8 . , . minus the sum of the control words was 
correlated against the total score based on words 3-|-5-|-9+I]. . . 
-j- sentences . minus the sum of the contiol words. 

This coil elation was found to be 609 dz 068. This is the reli¬ 
ability coefficient foi one-half of the test; the reliability of the whole 
test, as computed by the Spearman-Brown prophecy foimula, is .757. 
The reliability coefficient for each separate category was also com¬ 
puted All the facts are given m Table 3 

Relation between Emotionally Toned Attttiides and General 
AffecHvHy As was stated earlier, the Presscy X-0 Test was given 
to 38 of the subjects chosen at random. On the bases of this test 
aftectivity scoics weie worked out For these same subjects difference 
scoies were obtained on oui data by subtracting the preliminaiy 
responses on the control words and sentences from the preliminary 
responses on the expciiinental words and sentences. The lattei scores 
represented the degree to which the subjects were disturbed by the 
words and sentences on these controversial issues, the former repic- 
sented measures of geneial emotionality The correlation between 
these two was computed by the Peaison pioduct-moment method, and 
fovmd to be 29 with a P E,t nf .10 This coidelation is not unlike 
the correlation found for the same subjects between Presscy Affecti- 
vity Scoics and Watson (16) Crude Prejudice Scoies, the ? in this 
case berng ,38=b.09. 

Comparison between Test Measiues of Subjects and Ratings of 
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Them by Fellow-Stjcdetiis As has been explained previously, the 
subjects weie asked to lank in order eight or ten of their fellows in 
each of the foui categoiies From the data thus obtained it was 
possible to calculate the average position of each subject on the four 
categoiies scpaiately and on the total In obtaining the average 
lank a score of 8 was arbitraiily given to a rank of 1, 6 to a rank of 
2, 5 to 3, and so on down to 1 for a tank of 7. The number of 
times which the median man was ranked by Ins fellows was 14. 
The lange was wide, one man being ranked 61 times and 4 not 
being ranked at all. was 8, and was 25 
In Older to determine what agicement existed between the test 
results and these latmgs, a corielation was computed between these 
two measures foi each of the foiii categories separately and for the 
total The coricUtions are given in Table 4, 

TABLE 4 

Correlation detween Test Measures of Subject and Ratings Assigned by 
Fei low-Students 

Facts are given scpaiately for each category and for the total Coefficients 
computed by Pearson product-moment method 


Students’ ranks vs 
test results for 

No of 
students 

t 

PE.f 

Religious issues 

51 

— 12 

093 

Racial issues 

54 

+.06 

092 

Issues in social relations 

52 

+.25 

087 

Economic-political issues 

52 

— 14 

,092 

Total 

55 

+ 09 

092 


The stiiking fact disclosed by this table is the veiy low corre¬ 
lations existing between students* ratings and the test results The 
only place where theie is even noticeable positive relationship is in 
connection with questions of social relations, and this is not large,° 
One of thiee interpietations seems possible in connection with these 
low corielations eithei the test is not ranking the subjects correctly, 
or else the students are not laiiking their fellows coriectly, or else 
both of these measures contain enors. It is believed that the third 
interpietation is the proper one The fact that the correlation on 
social relations is appicciably highci than any of the others pioba- 


is Interesting that it was in connection with this same category that 
the largest diffeienccs were found between experimental and control words 
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bly means that the students ‘'aii'’ their opinions on such issues as 
free love, divorce, feminism, and piohibition more often and moie 
freely than on issues of race, leligion, oi economics and politics. 
If such weie the case, the student ratings of one another would be 
most accuiate within this catcgoiy of social relations Another 
observation which leads us to believe that the students* ratings 
were not an accuiatc cuteiion against which to corielatc our 
measuies is the probability that any man who showed tendencies 
toward leadership and who was well known was more likely to 
have made his opinions known and tliereforc more likely to have been 
ranked higher on the scale of emotionally toned attitudes than a quiet 
man who kept his opinions to himself A third leason for conclud¬ 
ing that thcic wcie errois in the students* rankings was the large 
variability m lanks assigned to a given man. A fourth reason is that 
the highest 10% could not be distinguished from the lowest 
10% by means of the Prejudice Scores on the Watson Test of Fan- 
minded ness Of course the argument that the students* rankings 
contain errors, which would tend to force correlations with another 
measure towaid zero, docs not prove that the other measuie is 
accurate'^ Howevei, it does indicate that even If the test measures 
were fairly accurate the coiielations between them and a set of 
inaccurate measures would be vciy low Since the test method 
served to distinguish between the contiol words and expciiment«al 
words, and since the correlation between test results and student 
rankings is .25 in that category where the students are probably 
most capable of judging their fellows, it seems defensible to conclude 
not that our test results have high validity but that they probably 
have higher validity than the average correlation in Table 3 would 
indicate, This conclusion will be substantiated by the results from 
a second method of testing for validity which will follow. 

Coini)arho7i between Test Measures a?id Self-Ratings It has 
already been explained (p. 184) that each subject rated himself by 

*Of course the most serious source of inaccuracy in the test measures^ 
and a type of Inaccuracy which could not be eliminated by lengthening 
the test and making the stimulus words stronger—la the fact that the 
height of the preliminary runs may be to some extent characteiistic of 
individuals and not perfectly correlated with the intensity of the affective 
tone If this should be found in future research to be the case, the method, 
though invalid for ranking individuals toward ceitain issues, might still 
be used to determine the relative potency of various issues upon the 
individual 
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indicating the relative strength of the four categories in calling out 
in himself sttong emotionally toned opinions. That categoiy which 
contained woids and sentences which, in the subject*s judgment, 
elicited in him tlie strongest responses was given a rank of 1, the 
one which was next in potency was lanked 2, the next was ranked 3 , 
and the weakest was lanked 4 It was also possible fiom oui records 
to determine the relative strength of the four categoiies foi each 
individual This was done by totaling foi each subject the pie- 
Iimmaiy hand responses foi the woids and sentences in each cate¬ 
gory, and then ranking the categories tn the ordei of height of the 
vaiious totals. Thus on each category wc have two ratings lor each 
individual, the self-iatmg and the test rating It is, therefore, 
possible to study the relationship between these two ratings for each 

< I 

TABLE S 

Refationship between Test Ranking and Self-Ranking of the Categories 
Coefficients detciinincd for the four categories sepaiately by the method of 
mean squaie contingency* 




Coefficients by categories 


No of 


Social Economic- 

Plain 

ca^es 

Religious 

Racial relations political 

average 

45 

50 

33 44 66 

48 


*The maximum value of a coefficient of mean squnie contingency foi a 
4x4 table is 86. See Yule (18, p 66) It should be noted in this paiti- 
cular problem that a constricting influence i9 being exerted by the co¬ 
efficient in one of these categories upon the coefficients in the others For 
example, if racial issues aie ranked I by the test for a given individual 
and this same issue is ranked 1 by the individual himself in his self- 
rating, theie appears not only perfect agreement in this one category, but 
the relationship in each of the othei categories is helped also because there 
remains only the ranks of 2, 3, and 4 in each of the variables to be matched 
up In this case, if a chnnee factor operated to iiccoiint wholly cr in part 
foi the perfect agicement on racial issues, it would also operate through 
this constricting influence to boost the coefficients in the other tiuec cate¬ 
gories But, of course, a chance factor which accounted wholly or in part 
for disagreement between the ranks foi a given category would opeiatc 
to lower the coefficients in the other three categories Chance errois would, 
therefore, be just as likely to lower the coefficients as to raise them In a 
laige number of cases the chance errors would cancel out, and therefore 
the general level of the coefficients represented by the average would not be 
spurious 

The number of cases in this table is less than that for the foimer ones 
due to the fact that no attempt was made to foice a subject to do the lating 
if he showed hesitancy in doing so. Some of the students who did not do 
the rating argued that they did not feel that they could do it at all 
accurately, otheis were apparently unwilling to divulge their own attitudes 
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category by using the coefficient of mean square contingency. For 
example, \i the subject in rating himself thought that his emotion- 
ally toned attitudes were stronger for religious issues than for any 
of the othei three, he would rank issues in this category as 1, and the 
other categories would be ranked after this in their proper order. 
On the basis of the test results, another lank, say 3, might be 
assigned to this category for this individual Thus for each individual 
there were two latings for each category. Four separate coefficients 
of contingency were computed * one for each of the categories. Table 

5 gives the coefficients obtained. 

The coefficients indicate that the ranks assigned to each of the 
four categories by individuals in rating themselves and the ranks 
assigned by the test aie in much closer agreement than could be 
accounted for by chance, It is interesting to compaie tliesc coeffi¬ 
cients with a seiies computed between self-ratings and ratings by 
fellow Students. The category lankfngs as given for each man by 
his fellow students were computed by ranking the average ranks 
in the four categories. For example, student G received an average 
rank of 4 on religious problems (number of rateis = 8); an average 
rank of 2.5 on racial problems (number of raters =: 11); an average 
rank of 3 8 on problems of social relations (number of raters = 16); 
and an average lank of 5 1 on problems of an economic-political natuie 
(number of raters=14). The category rankings for this student 
would be: economic-political issues with a rank of 1; religious issues 
with a rank of 2, issues in social lelations with a rank of 3, and 
issues involving race with a rank of 4» The relation between such 
ranks and self-ianks was compaicd, and the coefficients given in Table 

6 were obtained. 


TABLE 5 

Rblationsuips between 8el?-Rankino 0? Categories and 
Fellow-Student Ranking of Categories 
Coefficients determmed for the four categories separately by the method of 
mean square contingency. 


No of 
cases 

Religious 

Coefficients by categories 

Social Economic- 
Racial relation political 

Plain 

average 

Self-ranking va. 
fellow-student 
tanking 

.SS 

43 

44 

.58 

50 
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By compaiing the coefficients in Tables 5 and 6, it will be seen 
that the agreement between the 9-minute test and the self-ratings 
was, on the averagCj almost identical with the agreement between 
fellow-ratings and self-ratings. This means that, if we use the 
men's self-iatlngs as the ciiterion,® we can learn as much about the 
relative strength of college men^s attitudes toward these four issues 
grouped in these four categories by means of the 9-minute test as 
their college fi lends learn about them during several years of 
association. It is admitted that the criterion measuie does not have 
perfect reliability ® However, the coefficients between the test 
ratings and self-ratings and between fellow-ratings and self-ratings 
would be equally influenced by low reliability in the cilterion; 
therefore the comparison between the test results and the fellow- 
ratings on the basis of the agreement of each with the criterion 
would be valid 

Summary and Conclusions 

1 A senes of woids and sentences bearing upon four contio- 
veisial issues was aiianged for college students with a view to 
stimulating lesponses which would reveal emotionally toned attitudes 
toward these issues The issues studied fell under the general head¬ 
ings of religion, race, social lelations, and economics and politics 
Words and sentences on non-contioversial issues were given as con¬ 
trols The method used in an attempt to recoid and measuie tliese 
responses was an adaptation and extension of the Ansd)ucksmethode 
employed by Luiia in his investigation of criminals in Russia. The 
method consists of recording on a kymograph lecoid the ticmors and 
othei lespoiiscs of both hands preceding and accompanying the 


®If we use the lanks of fellow students ns the criterion, we find on 
average coefficient of mean squaie contingency of 42 (out of a possible 86) 
between it and the test ranks, 

®Twenty-onc of the men were asked to rank the issues a second time, a 
month having elapsed since the first ranking In 7 cases identical ranks 
were given to all four categories, in 10 cases two of the categories weie 
given a different rank in the second case, in 2 cases three of the cate- 
goiies were given a different rank, and in 2 cases all four categories 
received a rank different from the one assigned in the first ranking From 
these facts it is obvioua that the reliability of the criterion was much below 
100, and consequently the ngi cement between oui scores and this fallible 
criterion was lower than the agreement which would have been found if 
we had been working with a reliable criterion. Sec Kelley (9, pp 200-201) 
for a discussion of this as applied to problems involving coefficients of 
correlation, 
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verbal responses to each of these woids and sentences. Each sub¬ 
ject was directed to give a verbal response to each word or sentence 
as promptly as possible and simultaneously to press down firmly with 
Ills fingers upon two lubber disks. The fingers were resting on 
these disks at all times, and therefoie it was possible to study the 
hand responses just piellminary to the main responses These pre¬ 
liminary responses were the significant ones studied. They appeared 
to lecord either amounts of tension piioi to the main lesponscs or 
else tlie beginnings of responses which the subject endeavored to 
mliibit Measurements were made of the heights of these pre¬ 
liminary luns on the kymograph lecords, and statistical analyses 
were made of them 

2, A statistically reliable difterence was obtained between the 
preliminary lesponses to the experimental (or controveisial) words 
and the pieliniinary iespouses to the contiol words The strongest 
responses were made in connection with social relations where such 
issues as divorce, companionate maiiiagc, and prohibition weie raised. 
The second strongest lesponses were elicited by religious issues Then 
followed racial questions and, lastly, economic-political questions. It 
IS believed that the reliability of the method will be dependent to an 
important degree upon the strength of the stimuli used. It seems 
probable that it would find special application in the study of delin¬ 
quents and psychopaths, for whom certain critical concepts would be 
especially potent 

3 Emotionally toned attitudes as heie measured are not highly 
correlated with general emotionality as detei mined by the Piessey 
X-0 Test, the correlation between the two being only .29 

4 Only small agicement was found between the test lesults 
and the judgments of fellow students m lanking the subjects from 
highest to lowest as to the strength of their emotionally toned atti¬ 
tudes. The agreement was greatest m the field of social relations, 
but even heie the correlation was only 25. It is believed that while 
this low correlation is due in part to the errois of mcasuiement in 
the test, it is also due in pait to the unreliability of the ratings. 

5 In spite of the lack of agreement between the test results and 
the only other available ciEtcrion (the judgments of fellow students) 
in ranking the subjects from highest to lowest, the test was rather 
successful in determining the relative strengths of the four types 
of issues in ^*stirring up” the individual The average coefficient of 
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mean squaie contingency between test ranks of the foui types of 
issues and students’ self-ranks of the foui issues was 48 (the maxi¬ 
mum value of C for a 4 x 4 table being .86) This value was almost 
identical with the aveiage coefficient obtained between self-iankings 
and fellow-student rankings of the issues The aveiage coefficient 
between test lankings and fellow-student lankmgs of the issues was 
42. 
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UNE MESURE OBJECTIVE DBS ATTITUDES DE TONUS EMOTIF 

(R63Vim6) 

On a formula ime scrle dc mots et de phrases nyant rappoit h des ques¬ 
tions controvcrsables aiix champs de la religion, de la rnce, dcs relations 
socinles, et do T^cononiie et de la politique afin de stirmiler dea rdponsea qui 
montrei aient des attitudes de tonn*! 6motif. Ces stimuli exp^rimentaiix avec 
line s^rie de mots non contioversables ont ete presentes individuellement a 
61 ^tiidiants universitaires* On a demande h chaqiie siijet de donner line 
r^ponse veibale d'lin mot h chaque mot ou phase aussi vite que possible et 
en meme temps d’appiiyer les mains sur deux disques en caoiitthoiic La 
m6thode employee a cte une adaptation et im developpement dc y^itsdrttcks- 
meihode employee pai Luria dans son investigation des criminels en Russie. 
Elle a conaistc h. enrcgistiet les leponscs des mams sur un tambour kymo- 
graphiqiie, Les reponses faites directcment avant les grandes r^ponaes ont 
6t6 les signififintes On a mesure et traite statistiqucment cclles-l^i On a 
trouve que les attitudes les plus fortes existent dans le domaine des rela¬ 
tions socialca, les plus faibles dans le domaine de I’economie et de la 
politique* Lc lest, bicn que termine cn 9 minutes, A donne des r^sultats 
ayant le memc accoid aveC lea estimations de soi des sujeta qu*avec les 
estimations par dea amis de pliisicurs annees Olson et Jones 


EIN OBJEKTIVER MASSSTAB FOR GEFttHLSBETONTE 
STELLUNGSNAHMEN 
(Rcfeiat) 

Es wurde cine Reihe von Wortern und Satzen, wdehe sich auf stnttige 
Fragen in den Gcbieten der Religion, der Rasse, der sozialen Veihditnisse, 
und der EkonomteTohdk bezogen, arran^iert, in der Absicht, gefuhlsbetontc 
Stellungsnahmcn (^‘emotionally toned attitudes'*) offenbarende Reaktioncn 
hervorzurufen Diese cxperimentcllen Rcize wui den nebst einer Sene 
bestehend aiia nicht-strittigcn Woitern 6l Studenten individueU angeboten 
Jede Vp v?urde eisucht, so scbnell wie moglich mit ciner Eiwiderung bestc- 
heod Aus eincm einzelnen Wort nuf jedcs Reizwort und jeden Satz laut zii 
rcagieren, und zu gleicher Zeit mit beiden Handcn auf zwei runde Gumini- 
platten hcrabzudiucken Die angewandte Methode wai eine Anpassung 
und Erweiterung dec von Luna in semen Untersuehungen an Ruasichen 
Verbrechern gcbrauchte Ausdrucksmethode Sie bestand aus der Registne- 
rung der Handreaktionen mittela einea Kymographs Die unmittelbar vor 
der Hauptreaktion er&clicinenden Reaktionen eiwicscn sicli als die bezeich- 
nenden. Letztere wurden gemessen und statistisch behandclt Die am 
atarksten gefuhlsbctontcn Rcaktionen zclgten sich im Gcbiete der Ekonomie 
und Folitik Der Test, obwohl er innerhalb 9 Mmuten erledigt werden 
konntfi, liefcrte Resultate welclie mit Selbstschatzungen der Vpp ebenso 
genau iibereinstimmten wie Schatzungen yon Freunden, mit denen die 
Frcutidschaft schon mehrere Jahre bestand Olson und Jones 



THE DOUBLE ALTERNATION PROBLEM IL THE 
BEHAVIOR OF CHILDREN AND HUMAN ADULTS 
IN A DOUBLE ALTERNATION TEMPORAL 
MAZE*^ 

From the Psychological Laboratories of Clark Vnwrsily 


Louis W. Gellermann 


Introduction 

Jfi the first experiment of this scries (2) I found that the monkcj^, 
m 1 elation to raccoons and rats, shows the same relative ability in 
the double alternation problem that he docs m the delayed reaction 
experiment Thus far, all subjects tested in the double alternation 
temporal maze fit into a genetic senes similar to that found for the 
delayed leaction. Human subjects show gieater capacity in the lat¬ 
ter problem than do infra-human subjects* The work of the picscnt 
experiment was undertaken to determine whether human subjects 
have this same relative ability in the double alternation temporal 
maze, In paiticulai this experiment seeks to answei the following 
questions 

1 Can children and human adults kain the double alternation 
problem in the temporal maze, 

2 Can human subjects extend the double alternation of le- 
sponses to a series of greater length than that upon which they were 
trained ? 

3 Does anything in the behavior of the human subjects during 
and following the solution of the double alternation pioblem indicate 
tlie nature of the processes which they utilize to supplement non- 
diffeicntial interoceptive and exteroceptive stimuli encountered within 
the tempoial maze^ 

In 01 del to make the results with Iiuman subjects more nearly com- 
paiable with those obtained with monkeys and otlier infu-human 
subjects, I decided to conduct this experiment as nearly like the one 


♦Accepted foj publicntion by Waltei S Hunter of the Editorial Board and 
received in the editorial oflice January 19, 1931. 

^he writer takes pleasure in expressing his indebtedness to Dr. Walter 
S. Hunter of Clark University, under whose direction these experiments 
were conducted The actual experimental work described m the present 
paper was conducted from July, 1929, to April, 1930 
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With monkeys as I could Tlie human subjects were given no verbal 
instructions during the experiment except in a few cases, to be in¬ 
dicated later, wheie the subjects refused to keep moving through 
the maze Even this would have been unnecessary had it been 
possible to secure mcieased movement with the human subjects by 
means of hunger or punishment as had been done with the monkeys 

Apparatus 

The tertiporal maze used with human subjects was similar to that 
used 'With the xaccoons and monkeys. In all essential aspects the 
two were identical Figuic 1 shows the ground plan of the maze 
which wa$ located in a quiet msidc room of the laboratory The 
walls and doors of the maze were constiucted of wall-board sup¬ 
ported upon a wooden fiamework The apparatus was 6' in height, 
and Its outside dimensions were about 19^ wide by \2* deep. All 
alleys were 3' wide The doors weie hung on the outside wall of the 
apparatus with high-grade door hinges AU doors were controlled 
fiom a Central point at the front of the maze by means of a tightly 
hinged lever and rod system. In actual operation the doois could be 
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opened «ind closed ejisily and noiselessly Mounted vertically along 
the top fiont edge of the apparatus was a wall-board screen which 
contained tliiec screen-covered windows giving one-way vision 
Entrance to the maze was gained through a door which was locked 
once the subject entered the maze. A single electric light in the 
ceiling piovlded illumination for the experimental room The maze 
was illuminated by seven shaded electiic lights supported over the 
center of the alleys at a height of 7 feet above the floor and located 
at the points indicated by circles in Figure 1 

The walls of the centei alley were 1 foot higher than the other 
walls Fiom the center alley not even the tallest subject could see 
the side doors or the mechanism foi theii control. While a subject 
was in the maze the room light was tuined off, and the maze lights 
wcie turned on Under these conditions it was easy for the experi¬ 
menter to see into the maze, but it was impossible foi the subjects 
to see out through the screened windows Tests were conducted 
with about 20 persons who were requested to attempt to sccuic cues 
on the operation of the maze from any position in the center alley. 
Not one was able to sec the experimenter in the position he occupied 
during experimental woik or to detect when the side doors weie 
being operated, which door was moving when told that one or both 
were, or whether the side doors were opened or closed. This is 
convincing evidence that no external cues were given by the operation 
of the apparatus. 

Method 

1. Subjects. Before regular experimental work was undertaken 
a group of 10 subjects whose ages ranged from 7 to 20 years were 
tried out in the apparatus. This preliminary work made possible an 
approximation of the number of tiials human subjects would require 
to solve the problem and gave the experimenter practice in operating 
the apparatus and m keeping records An earlier group of about 20 
subjects had been used to search for possible cues (as described 
above). The main experiment utilized 63 subjects who weie divided 
into two groups, The adult experimental group consisted of 25 
college students enrolled In the intioductoiy course in psycholog)^ 
The children’s group consisted of 38 subjects whose ages ranged from 
3 to 13 years The numbei of subjects in these mam expciimcntal 
groups at each age level is shown in Table 2. 

All subjects were ignorant of the nature of the expenment The 
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adult subjects wcie told tliat approximately au hour of their time 
would be required, and that nothing disagreeable would be en¬ 
countered (During a previous year some of the students had served 
as subjects in an expeiiment involving unexpected electric shock.) 
The fact was emphasized that an impoitant feature of the experi¬ 
ment was that its nature be unknown to the subject At no inne 
was any reference made to anything which might indicate that the 
experiment involved a maze, walking, learning, "getting out of,*’ or 
problem solution 

The children weie secured at random from tlie district sur¬ 
rounding Claik University In geireial, the experimenter would 
encounter two oi three youngsters on the street and ask them if they 
would care to come up to the Univeisity to see some monkeys, 
Occasion<ally the children weie told that they would also be requested 
to serve as subjects m an experiment while at the Univeisity At 
least lialf of them, however, were told nothing about an experiment, 
but were simply led into the experimental room and put to work 

2 Diffe}ence$ m Procedure Used with Monkeys and Human 
Subjects An important feature of the procedure used in this ex¬ 
periment was the minimizing of verbal instructions Hitherto, fairly 
complete verbal instructions have been used in almost all maze studies, 
"choice” pioblemsj delayed reaction expeuments, etc, with human 
subjects where the results obtained have been compaied with those 
obtained for infra-human subjects, Husband (7), in a recent paper 
entitled, "A Comparison of Human Adults and White Rats in Maze 
Learning,” states that *a major point of simtlanty in the techniques 
he used with human subjects and rats was that "preliminary oiienta- 
tion IS brought about in the human subjects by vcibal instruction and 
in the rats by a short period of tiaming on a problem box.” The use 
of this kind of veibal instruction with human subjects seems to me 
to introduce a major difference In technique At a later point in 
the paper, Husband states a somewhat difterent positioir concerning 
the use of vcibal instiuctions In this case the fiict that "humans 
start with fairly complete diiections” is listed among certain "neces- 
sarv exceptions” in the expeiimcntal procedure he used with his two 
groups of subjects It may be that with the finger maze it is not only 
convenient but necessary to use verbal instructions with liuman sub¬ 
jects This practice in the case of regular maze problems is unneces¬ 
sary, and should be discontinued As will be pointed out in the 
discussion of results, the use of the instruction stimulus makes it 
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possible for the human subject to start his work at a later stage in 
the learning process than that at which infra-human subj'ects com¬ 
mence work. 

In the present experiments the differences in technique employed 
with the human subjects and the monkeys were* 

1 Movement thiough the maze was secured with the monkeys 
by means of hunger and punishment, and with human subjects 
(when neccssaiy) by vcibal instructions 
2. The human subjects learned in one period of consecutive trials, 
while the monkeys ran only one trial a day until the ciiterion of 
learning was satisfied. 

These difterences aie intenelated in that they both centei m the 
problem of motivation ^ 

Tlie use of verbal instructions proved necessaiy with only those 
subjects who would enter the maze but would fad to move thiough 
It, In the case of an animal exhibiting such behayioi it was possible 
to secure locomotion by means of hunger or punishment Since 
neither of these methods was piactical heie the following procedure 
was used. If a subject stood at a given point for tliice minutes, he 
was given the veibal instruction, "Keep moving.” This proved 
necessary m the case of 12 adults and 9 children. In only one case 
was It necessary to use this method moic than twice 
The second diffeience could have been avoided cither by running 
the human subjects only once a day, or by running all trials for the 
monkeys on a single day Several members of the preliminary gioup 
of human subjects were tiied on the one-trial-per-day basis, but it 
became evident that nregulaiities in attendance were almost inevit¬ 
able Fuithermoic, the danger of communication between the 
human subjects (see p 203) would have been greatly increased had 
the human subjects been run only once a day, For these reasons the 
human subjects were run duiing a single peiiod of successive trials. 
The monkeys were run only once a day because of the difficulty of 
maintaining stiong and relatively constant hunger during concen¬ 
trated tiials. It would have been almost impossible to lun all of 
their tiials on one day because of the laige number of trials required 
by the monkej^s to master the problem 

A similar pioblem in procedure e'^isted in the giving of rewaid. 
With the monkeys a bit of food had been given a subject each time 

*By motivntiort I mean simply getting the subject to work, i e*, to keep 
walking while hi the maze. 
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he came to the front of the temporal maze, in order to keep him 
moving through the maze This was also a problem of motivation. 
Had the reward been given only following correct responses, it 
would have been necessary to use jeward with human subjects in 
order to duplicate with tliem the conditions of the experiment with 
monkeys Howevei, this was not the case, and in consequence re¬ 
ward was not used with human subjects This Introduced an 
appaicnt but (I believe) unreal difference in technique In practice 
the instiuction stimulus, “Keep moving,” after three-minute pauses 
proved to be adequate to secuic regular movement throughout the 
maze ® 

3. Procedtue Used with Htifnan Subjects After secuiing the 
subject’s name, age, and school giadc, he was admitted to the maze 
in the following manner* I opened the entrance door to tlie maze and 
turned the maze lights on and the room light out. Tlicn I turned to 
the subject and said, "Would you like to go in there and lookaiound 
All doors of the maze were open at this time, While the subject was 
in the maze, I took the position which I occupied during expeiimenta- 
tion, and waited without s.iying anything until the subject came out 
of the maze. As he left the maze, I closed the entrance dooi behind 
him At the beginning of each trial I opened the entrance door and 
said, “All right,” and at the conclusion of each trial I opened the 
entrance door again and said, “Out,” "PFonld you like to go in 
there and look aroiind^*^ 'V/7 right and the instiuctions 
"Keep moving'"' (discussed above) were the only things I said during 
the entire experiment with each subject, This rule was followed 
even where the subject made comments or asked questions. 

Three preliminary trials were given each subject, In these he 
could go either i? or Z. on the first response, but must go the other 
way on the second response. Each regular trial for the adults con¬ 
sisted of eight responses m the order RRLLRRLLs For the 
children each trial consisted of four responses R R L L An interval 
of about 15 seconds elapsed between trials During this time tJ)e 
subject usually sat on a chair placed near the entrance door. The 
procedure of operating the maze during these trials was exactly like 
that used for the monkeys. Complete records were kept of responses, 
extra moves through the maze, time of each response, everything the 

“Both reward and additional inBtructlon stimuli proved necessary in the 
work with three- and four-year-old 9.ub)ccts (see p. 209) 
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subject saidi and any other significant features of the subject's 
behavior. 

The criterion of learning was three perfect trials in succession. 
In the tiials following learning both side doors were open, and with 
a few subjects all doors were open at this time No additional con¬ 
trols weie used with human subjects 

Following the attainment of the ciitcnon of learning, and without 
warning to the subject, the series of responses was extended to twice 
Its usual length If the subject lan this coriectly, it indicated that 
he could extend the alternation of response beyond the length of the 
senes used ui the training peiiod. In some cases several extended 
series- were used one after anothei until the subjects had peiformed 
one coirectly 

At the conclusion of each expeiimcnt the subject was asked two 
questions The first was, ‘*What did you think of it [the prob¬ 
lem] ?" Willie the subject expressed himself I listened in a manner 
calculated to encourage the subject to talk, until he had stated the 
general solution of the problem (and this was done by every subject), 
i,e, the general proposition of two to the right, two to the left I 
then asked liim, “How did you learn that [the solution] ?“ What 
the subject said m response to these questions was recoided verbatim 

The double alternation problem is such that its solution could be 
easily communicated from one subject to another A consistent effort 
was made to prevent this The adult subjects bad been urged to 
maintain secrecy concerning the experiment until after the last sub¬ 
ject had taken pait in it They had been told that secrecy concerning 
the nature of the experiment was one of its features The children 
were secuied in such a way as to make communication between them 
very improbable. Any one child knew only two or three others who 
served in the experimentj and all of these were tested on the same 
day. The members of these small groups were tested one aftei 
another and did not see each other until all were through. The 
following means was taken as an additional precaution against com¬ 
munication between subjects. After each subject had answered tlie 
questions stated above, he was reminded of the fact that during the 
experiment he had received no verbal instructions It was pointed 
out to him that if any subject undertook the experiment with even 
the slightest instructions, the results secured would be worthless, I 
believe that all of the subjects saw the point and cooperated. Addi¬ 
tional evidence in this direction is the fact that with both children 
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and adults the correlation between trials and the Older of participa¬ 
tion in the experiment was .01 «and 07 respectively (See also 
Figure 2 and the discussion on p. 212 ) 

Results 

1 . Learning 

a, Behaviot typical of successive stages in learning The 
human subjects exhibited the same general stages of learning the 
double alternation tempoial maze as did the monkeys These were: 
(1) a “laiidom” stage maiked by many extianeous moves thiough 
the maze, (2) a stage of regular running, and (3) a stage of hesita¬ 
tion prior to certain of the responses. In the first stage various of 
the human subjects duplicated essentially all of the *'iandom*’ 
responses described for the monkeys (2, p 58) One subject (16 
yeais old) never proceeded beyond this stage She showed evidence 
of fright the first tinne the right-side door was closed behind her as 
she came to the fiont of the apparatus Following this she went up 
the center alley and to the left^ but stopped at the left dooi and at¬ 
tempted to swing It shut Then she started to go past it very slowly, 
but the moment the dooi began to close she hurried back to point a?, 
This behavior was repeated a great many times on both sides of the 
apparatus (the right-side door had been reopened). Because of 
failure to go to the front a second time she was unable to finisli her 
first preliminary trial Wtth the use of additional verbal instruction 
this condition might have been obviated. Since, however, only one 
subject exhibited such behavior, no variation in the general procedure 
seemed advisable Instead, this subject was not used further, and she 
IS not included m the total of 63 subjects mentioned above. It seems 
likely that her disturbance was emotional in character Another 
subject exhibited somewhat the same behavior during the first stage, 
but finally completed the pioblem without verbal instructions This 
subject was a 20-yeiu-old college student with the tliird best in¬ 
telligence rating of the adult group. The behavior to be desciibed 
appeared on his first regular trial He walked back and forth m the 
back section of the maze many times in succession before coming to 
F Altogether he made 167 such trips during his first regular trial. 
At the end of this trial he said, *^If Td tiled that soonei would I have 
gotten out?”*^ (The experimenter never responded at all to ques¬ 
tions ) Although his perfoimance upset the time recoids foi the 


*AIl verbal responses cited in this paper are given verbatim 
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group (he took 2588 seconds on one trial), he learned the pioblem on 
his second tnal His performance on the first trial was similar to 
that of the monkey, Sis, who took 6 houis to complete her first 
lesponse. 

Extia moves through the maze were discontinued by the human 
subjects in much the same way as had been done by the monkeys 
This was accompanied by such veibal responses as* ‘*You aien’t sup- 
to to the door^ it they axe closed, ate yow^” and alniost 
beginning to see what this is all about Some of the subjects said 
nothing, but simply stopped going all the way to the closed side doors 

After extra moves thiough the maze had been eliminated, the 
subjects were \n the second stage of learning, During this stage the 
subjects lesponded typically in the series LLLR or RLLR, trial 
aftei tnal (This is simple alternation behavior, see p 217 ) They 
gave no evidence at the time of response of hesitation behavior, but 
turned promptly to one side of the maze or the other 

The third stage of learning was accompanied in human subjects 
by hesitation at the point a,, and by such verbal lesponscs as' ^^I've 
just been walking around. I don't know which way I have been 
going, but ni bet the idea is to find the way where all doors are 
open”, "Are you supposed to walk aiound this thing until all the 
doors are open? Oh, I don't suppose 5 ^ou’ll tell me”, and “IVe been 
trying to work out a plan, but you’ve got me baffied ” Some of the 
subjects snapped then fingeis following incorrect responses, while 
others went so fai as to swear about them This belmvior appeared 
very late in tlie learning senes 

In the case of the human subjects who learned the problem in the 
least numbei of tiials, one oi more of these stages appeared only 
biiefly. With some subjects the fust stage was even confined to the 
first preliminaiy tnal One factor which doubtlessly led quickly fiom 
the first to the thud stage of learning was the sclf-administration of 
instructions in the general form, "This is a pioblem to solve,” This 
behavior piobably occuired to some degiec in all hut the 5^oungcst 
subjects,® For this reason it was particularly important that no veibal 
mstiuctions were given by the experimcntei Had the human sub¬ 
jects been told that the maze was a pioblem to solve, or that they 

^Instruction stimuli may be given to the subject by himself as well as by 
an experimenter In the former case the instruction stimuli are habitual 
responses, and m the lattei they arouse habitual responses of a ‘^problem 
solving” type (3, p 335-336) 
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should find thcix -w^ty out quickly as possible, the solution oi the 
problem would piobably have been limited to very few tiials in the 
case of most of the subjects The case of a ninc-ycar-old girl in the 
preliminary group of ton subjects will serve to illustrate this point. 
Following her thud preliminary trial she said, ‘^You know, Mi. 
Gellermann, I really should tell you this problem is too easy foi me ” 
It took her only one trial to learn the problem and in this trial all 
her responses were to the right When she had finished the experi¬ 
ment, she said, *‘That*s very easy, All I have to do is to try it once, 
and think about it ” She had apparently administcicd hei own in¬ 
struction stimulus Such behavior should not be encouraged in 
human subjects by means of verbal instructions in experiments the 
results of which are to be compared with results for infia-human 
subjects This general point may not apply as directly to the ordinary 
spatial maze problem as it does to the double alternation temporal 
maze problem, since in the formci the solution may not depend upon 
a verbal foimulatlon in the same way that it evidently does in the 
temporal maze 

h Exa?}iples of verbal behavior during leatnmg The follow¬ 
ing are a few complete individual records which show the coordination 
of various types of responses and verbal behavior. In these records 
It is possible also to detect evidence of the stages m learning described 
above. Most of the subjects showed a tendency to talk, but, when 
I did not answer them, a great many became silent No instruction 
was given concerning talking during the experiment 

An adult subject who solved the problem on hig first trial. 

On hi8 first prehmmary tnala he said, ‘^Quite interesting^’, 
after the thiid preliminary trial, ‘Tm almost beginning to see 
what this j$ all about*’ On his first response before coming 
to the front of the right side, he made an extra trip over to the 
left, and while returning to the right, said, ^‘There is only one 
way to get out,'* Preceding his third response he hesitated, 
and said as he went left,' “No, let’s try this^yes, it’s open.” 

On his fourth response to the right he said, **There is no use 
trying that door,” and went to the other side Following his 
seventh response he said, “This is beginning to be easy” After 
the eighth, “Yes, it is easy” Both of these responses had been 
correct On his next trial all responses were correct After 
the first 2 (R R) he said, “This is easy,” and following the 
third (i.) he said, ”I guess FU find all the doors open now.” 

An eleven-year-old who took 25 trials during learning On 
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Ills filst preliminary trial he said, "Am I supposed to keep 
moving around? Do I start from here?” He made many ex¬ 
traneous moves during his first 12 trials In trial 13 he said, 

"Am I supposed to push on the doors, or am I doing all right?" 

(end of first stage) In his fourteenth trial he said, “Do I 
have to keep on going until I find the right way?” On his 
sixteenth trial, "It is just the way you go around that you have 
to find out I haven’t any idea which way that is” (beginning 
of third stage) It took him 9 naore trials to learn the problem 
On his first correct performance, he said, "I knew it was just 
the way you walk through the doors” 

At the close of the experiment each subject related that he had 
formulated his solution verbally in the general form, ^‘twice to the 
right, twice to the left, etc,” The following examples will illustrate 
typical ways m which this appeared with children and human adults; 

Ten-year-old requiring 14 trials to learn 'Tirst I thought 
all the walls would close m, and you were going to test my 
nerve or something like that Then I found the doors were 
open, and I kept on walking 1 thought there was something 
to It, because sometimes the doors were closed After awhile 
I found you must go around each place twice” 

Twelve-year-old requiring 22 trials to learn: Dttrtn^ learri^ 
“What’s this?” “Can yon watch me through that?” 

“Boy! I was scared when that fiist door closed beliind me 
I tried to go back through that door, but it didn’t work ” “la 
this what 1 am supposed to do? Am I supposed to walk 
around in here?” After learmnff, “It's a lot of walking. First 
I didn't knoAV what to do 1 thought the doors opened by 
electricity in a certain way—twice around to the right of it, and 
twice around to the left of it Then the last time you made me 
do it double.” In response to the question, “How did you learn 
it?” he said, “When I finally decided to get the knack of Lt 
1 took four or five trials, and told by which doors were dosed 
which way I should go ” 

Adult requiring 2 trials “I thought I would find one of 
those doors closed, the last couple of times, I expected a 
change, I hit one of the doors the first trial, but the second 
trial I tried the right until 1 found it closed on the third time 
Then I went the other way, so I figured if I went twice each 
way I’d always find the door open” 

Adult, 4 trials to learn. “I think I got on to the idea pretty 
early, and most of my errors were made experimentally I 
tested it out, and then went the way the doors were open First 
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1 learned to go to the right, and tested U, then I went twice 
each way” 

Adult, 5 trials '‘It la like a safe, you have to find the proper 
combination Twice to the right, and twice to the left, end¬ 
lessly until you let nic out” In iespouse to the question, 

"How did you fcarn it?” he said, "After I saw the first closed 
door, I realized there was a problem I tried right once, and 
the left once, but it didn’t work Then I tried the right 
twice, and the left once, but it didn’t work. Then I tiled to 
go back, to the door that had |USt been closed, but that didn't 
work cither. Then I just happened to find out that twice to 
each side worked, so I kept it up—and it worked ” 

Adult, 9 trials "At fiist I was absolutely lost, but soon I 
discoveied there was a system* It was twice to the right, and 
twice to the left Finally, I didn’t even look, I walked auto¬ 
matically*’* 

Adult, 10 trials "I staited on one side, but every other time 
on each side IM get stopped, so I went twice on each side, 
and it was all right” (This subject responded typically R 
L L R R L L Rf or in simple alternation as will be discussed 
later lie did make an error every other time on each side ) 

Adult, 12 trials "It seemed to dawn on me at the end of 
five or SIX times that the idea was to go Ihiough the open 
doors* 1 found that 1 must go through one set of doors 
twice, then alternate, and go through the other set twice" 

Adult, 16 trials This subject performed four of his sixteen 
learning trials correctly, In one case, two of these were in 
succession, but on the following trial he made error<i of a 
peculiar sort on responses 1 and 5 Keeping one foot in the 
centei alley, he leaned far out toward the left side alley, ap¬ 
parently to sec if the left door were closed. Following this 
trial, he remarked to me, "I was just trying something of my 
own." Following leortiing he said, "I found I always had to 
go to the right, but I could never go on one side more than 
twice Near the last I thought 1 had the system, but I was not 
sure so I looked to find out" (Why he kept one foot in the 
center alley is uncertain,) 

c Quantitative data on learning Table 1 presents the gen¬ 
eral facts concerning the number of trials requiied to learn the 
problem for the adults «md children At first glance it appeals that 
the adults lequiie many less trials than did the children The dif¬ 
ference between the averages of these two groups divided by the 
sigma of the difference is 6,18 From one standpoint the espouse 
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problem of the adults was more difficult than the 4-response problem 
of the childien, and the significance of the difference in the average 
number of trials required to learn for these two groups is thereby 
enhanced From anothei standpoint, however, it appears that a 
single adult trial is approximately equivalent to two tiials for the 
childleii in that two double alternation senes of foui responses are 
included. From this standpoint the adults required an average of 
12 48 trials to learn a problem equivalent to that of the childien. 
Even in this case the adults reqimcd less trials to learn than did the 
children The reliability of the remaining difference indicates that 
the chances aie about 93 in 100 that a tiue diffeiencc above 0 was 
obtained. 

Table 2 presents the average number and the range of trials le- 
quired for learning at each age level of both main experimental 
gioups Although m the children’s gioup aveiages decrease with 
age (with one exception), it is impiobable that tiue diffeicnccs are 
represented, The ranges show maikcd overlapping between all of 
the age gioups It is true, however, that both the minimum and 
maximum number of trials for the younger children exceed those 
for the older children. The con elation (rank-difference) of age and 
trials required to learn for the 36 childien is 27, and that for the 
adults IS 02 This low positive con elation for the childicn in¬ 
dicates that the average numbei of tiials to learn the double alterna¬ 
tion tempoial maze does tend to decrease with age in the fashion 
shown in Table 2 The correlation (rank-diffcience) between age 
and trials required to learn for the 63 subjects of botli gioups is 
35rb.08 In obtaining this coefficient the numbei of trials for each 
adult subject was doubled, since each adult subject made eight re¬ 
sponses pel trial instead of four, 

It may be noted in Table 2 that the two youngest subjects did 
not Icain the problem In both cases the children became tired of 
working in the maze Additional verbal instructions weic given to 
keep them walking. They were complimented upon their per¬ 
formance, urged to keep moving, and pennies were given as reward 
Even with these measures it was possible to complete only 30 and 42 
tiials with the thrcc-year-old and four-year-old subjects, respectively 
The thrce-yeai-old subject was in the second stage of learning when 
work with her was discontinued Her record shows that slightly 
less than half of her responses were correct No improvement is 
noted near the end of the 30 tiials, nor did she adopt any regular 
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TABLE 1 


Data on Trials During Learning for Children and Human Adults 



Adults 

Children 

Number of subjects 

25 

361- 

Average age in years 

20 6 (1 3)’ 

9.4 (2 2) 

Range of trials required 
for learning 

1-16 

4-37 

Average trials required 
for learning 

6 2 (3 8) 

15 4 (7 6) 


*The figures in parentheses are sigma 

tThe records of the three- and four-year-old subjects arc not included 
in this table. 


TABLE 2 

Average Numder and Range of Trials Required for Learning at 
Each Ace Level 


(For ages 3 to 13* I trial is 4 responses) 
(For ages 18 to 23* 1 trial is 8 responses) 


Age 

Number of 
subjects 

Average 
trials to learn 

Range of 
trials to learn 

3 

1 

(did not learn in 30 trials) 

4 

1 

(did not learn in 42 trials) 

5 

2 

22 5 

8 - 37 

6 

3 

18,3 

8-29 

7 

4 

17 2 

10 - 26 

8 

2 

16 0 

U - 21 

9 

3 

153 

5 - 25 

10 

8 

15.6 

4-23 

11 

9 

13.9 

4 - 25 

12 

3 

133 

7-22 

13 

2 

90 

5 - 13 

. 18 

3 

42 

2-7 

19 

6 

6,3 

2-10 

20 

6 

78 

2-16 

21 

6 

73 

1 - 12 

22 

3 

36 

2-6 

23 

1 

30 

3 


scries of responses, but she was malcing no extra moves in the maze. 
The four-year-old subject made just half of all his responses cor¬ 
rectly, but he exhibited a slight improvement near the end of his 42 
trials By that time he was in the second stage of leaining* and 
was responding R L L R, No signs of hesitation preceding responses 
had appeared 
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TABLE 3 

Data on Errors During Lfarning 



Adults 

Children 

Average errors per subject 

1636 

3019 

Average errors per trial 

2 62 

196 

Adult 1 trial—8 responses 
Children’ 1 trial—4 responses 
Percentage of responses wiong 

32 80 

49 00 


TABLE 4 

Time Records During Learning 



Adults 

Children 

Average time first trial 

288 4 

80 4 

Average time last trial 

88 0 

354 

Average total time 

871 S 

708 2 

Range of time 

170-2678 

199-1371 

Average time per trial 

139 7 

+6.0 

Rate of walking in feet pei second 

3 9 

45 


TABLE 5 
Correlations 



Adults 



Children 


P 

PE, 



P 

P,E 

Trials vs age 

Trials vs order of taking the 

02 

14 



28 

11 

experiment 

07 

14 



01 

12 

Trials vs, psychology marks 
Intelligence vs trials 

21 

13 





58 

09 





IntclUgcnce vs errors 

52 

10 





Intelligence vs time 

Trials vs age, for entire group 

36 

12 

35 

08 




Table 3 presents geneial data concerning errors made in learning 
by both groups of human subjects There ^appears to be a genuine 
difference here m that the average adult made only 32.8% of all 
bis responses incoirectlv, and the avcingc child committed enors in 
49% of lus I espouses. This may be related in some way to the fact 
that the childien consumed a relatively large number of tnals in 
the first and second stages of learning, during which at least half 
of their responses were usually incoirect Only during the third 
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stage of learning do error records fall below the 50% mark. The 
adults arrived at tins stage of Icarnmg much more quickly than did 
the children 

Data concerning the time records (in seconds) of human subjects 
during learning are piescnted in Table 4 As in the usual leaining 
situation, more time was consumed during the early trials than later 
Tliis is shown by the difference in the aveiage time of all first tuals 
and all last trials In companng the time records foi these two 
groups, It must be borne in mind tliat the children made only four 
tups around the side of the maze (122 5 feet) and the adults made 
eight such tups (250 5 feet) pei trial The children moved more 
rapidly through the maze than did the adults, taking into considera¬ 
tion the distance tliey had to tiavel The fact that the average total 
time foi the childlen is almost as great as that for adults is con¬ 
sistent with the fact that the childien icquired over twice as many 
tiials, on the aveiage, as adults A wider lange in learning times was 
found for adults than foi children, It is possible that this is in 
some way related to the fact that the adults did not adapt as quickly 
to moving through the maze as did the children It was necessaiy 
to use tlie moving’' instruction with 48% of the adult subjects, 
but with only 25% of the childien The fact that the most lapid 
learning appeared in the case of certain adult subjects is made evi¬ 
dent by the minimum time of 170 seconds lequired by one adult 
subject to learn the 8-respanse problem. This tune was all consumed 
on a single tiial. 

Table 5 recoids coefficients of coiielation (rank-difteience) be¬ 
tween tiials and age, ordei, and semester marks in elementary 
psycholog)^ and between intelligence (Thurstone Psycliological Ex¬ 
amination foi College Freshmen) and tuals, errors, and time I 
have alieady commented upon the con elation between tiials and 
age The conelations between tiials and oidei of taking the experi¬ 
ment indicate that tliose who worked last in the experiment made 
no better records than might be expected due to chance This is 
evidence of the improbability of communication between subjects 
throughout the course of the expeiimcnt Figure 2, in which indi¬ 
vidual tual recoids for adult subjects aie plotted in the order in 
winch these subjects took the expeiimcnt, shows that the zero 
coefficient of coi relation represents the tiue situation that obtained 
between trials to learn and order of tak’ng the cxpeiiment. It may 
be noted that the average numbci of trials required to learn for the 
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/list five adult subjects to participate in the experiment is lower than 
the same figure for the last five adult subjects The correlations 
between intelligence and tiials and errors are about the same size 
as those usually found beween intelligence and school marks The 
low correlation between intelligence and time records is to be ex¬ 
pected in view of the fact that a large variation in the speed of 
walking through the maze existed among the members of the gioup. 
A second factor contributing to this low con elation was the per- 
foimance of one subject high in intelligence who took an extraoidinaiy 
amount of time on his fiist trial (see p 204). 

Table 6 includes coefficients of correlation between various aspects 
of the Icaining data. The data indicate that the temporal maze has 
a comparatively high leliability when evaluated by these methods. 
The coefficients aie consistently highei m the children’s group, in 
wliicli 36 cases were included The low correlation between the 
crrois on odd and even iespouses is due to the peculiar situation 
which exists in the double altei nation problem Fewer errois have 
been made on the odd-numbered responses than on the even-numbered 
responses by all subjects tested m these experiments. Details con¬ 
cerning this situation will be presented later (see p 215) That this 



FIGURE 2 

Individual Trial Records for Adult Subjects in the Order in Which 
These Subjects Took Part in the Experiment 




TABLE 8 

Percentage of Trials During Learning in Which the Sixteen Different 
P ossiDLE Series of Responses Occurrfd 
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TABLE 9 

Results of Tests with Extended Series of Responses 


Subjects 

Number of 
subjects 
m group 

Number of subjects 
perfect on first 
extended trial 

Results with 
other subjects 
in the group 

AduUs 

25 

23 

both perfect 
on second 
extended trial 

Children 

7 to 13 
years old 

31 

29 

both perfect 
on second 
extended tnnl 

6-ycai‘-old8 

3 

1 

both perfect 
on third 
extended trial 

5-year-old3 

2 

0 

never perfect in 

10 and 12 extended 
trials respectively 


situation caused the low correlation between errors on odd and even 
responses is definitely indicated by the fact that a high correlation 
was obtained when two odd- and two even-numbered responses weie 
grouped together. Such was the case in the correlation between the 
crrois on responses 1-2-3-4 vs. 5-6-7-8, and 1-3-6-8 vs. 2-4-5-7 The 
reliabilities here demonstr^ited for the double alternation temporal 
maze compare favorably with those reported by Stone and Nyswan- 
der (8)j and Tolman and Nyswander (9). From one point of 
view, the temporal maze is a type of muItiple-T m^izc similar to 
those used by Stone^ 

d. Relative dtfflenliy of responses Let us now consider the 
difficulty encountered by the human subjects in learning each of the 
responses m a trial A comparison of results of this kind foi human 
subjects with similar results for infra-human subjects rnav throw 
some light upon the nature of the double alternation problem. 
Table 7 shows the percentage of errors made by difteicnt subjects on 
each of the four responses The data for adults are not directly com¬ 
parable with those for children, since the adults worked on eight 
responses per trial instead of four responses The data for the adults 
are presented for the first four responses of each trial, since they 
more nearly approximate the children's group than the second four. 
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^ CHILOREW 

% AGE 

5 AND ^ 


CHILDREN HUMAN ADULTS 

AGE. FIRST 4 MONKEYS 

5 TO 13 RESPONSES 



FIGURE 3 

Percentage of Trials During Learning in Which Errors Were Made 
BY Different Subjects on Each Response 


Similar data on the average performance of the monkeys are in¬ 
cluded in the table for purposes of comparison* In Figure 3 the 
peicentage of errors made by different subjects on each response is 
represented graphically. Data for adults are taken from the first 
four responses of each trial. The relative order of difficulty of 
responses from hardest to easiest is 2-4-1-3 for all groups,® It will 
be noted that the percentage of errors for the two youngest children, 
who did not learn the problem, shows the same order of difficulty, 
even though all of their records approach 50% (chance), 

“For adults, the second group of four responses shows this same order of 
difficulty In genera^ the second group is easier than the first, Over one- 
third of the trials with adults contain no errors among the last four 
responses. 
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The most stiilcmg thing which appears m these data is the large 
percentage of eriors made by the children on responses 1 and 4 This 
indicates that with the children (and to a lesser extent with adults) 
the first response was not definitely fixed at as early a point in learn- 
irig as with the monkeys In order to find the explanation of the 
large number of errors made by the childicn on response 4 we must 
look further The typical series of responses noted for monkeys 
were, m the order of theii appearance, R L L Rj R L L L, and R R 
L L. This order of senes did not appear veiy definitely with the 
liuman subjects, although, with those subjects who required the 
greatest number of trials, the series R L L L did appear shoitly be¬ 
fore learning. On the other hand, the series L L L R, which oc¬ 
curred infrequently with the monkeys, was very common with the 
human subjects In Table 8, which shows the percentage of trials 
in which the 16 different possible senes of responses occurred for 
children, human adults, and monkeys, the facts just presented are 
clearly demonstrated With children, the leading types of responses, 
in the order of their frequency, are i L L i?, R L L R, and RLL L 
The preponderance of the first two of these senes is due to the 
tendency of the children toward simple alternation, together with 
the fact that the first response did not become fixed at an early point 
in their learning. In Experiment I it was pointed out that the be- 
havior sometimes referred to as "alternation after success" may also 
be explained in terms of simple alteination of trips from the point x 
to the sides of the temporal maze (2, p, 62). No matter which way 
the children made the first response, this simple alternation of tilps 
from X led to a coirect response 3 and an error on lesponse 4 in either 
the senes LLLR or RLLR It was this simple alternation of 
trips from .v m the c^ise of the human subjects that led to a large 
percentage of errors on response 4 Witli the children, the third 
response was the first to become correctly fixed. Following it, 
responses 1 and 4 weie learned, and then response 2 The adults also 
tended to follow this order m learning their responses This is a 
different order than that found for monkeys, with whom the first 
response was learned first. 

e, Swiple alternation vs diieciion tendency. These differences 
in the behavioi of children and monkeys in the tempoial maze are 
consistent with other facts and tend to support the contention that 
the solution of the double alternation problem requires a different 
type of ability, than that demanded for the solution of the ordinary 
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spatial maze In the first place» the feature of the tempoial maze 
most similar to the ordinaly maze is found in the subject’s learning 
to make the coiiect fiist turn in response to entiy Results obtained 
by Hunter and iii the present senes of expeuments indicate that the 
ordei of ability to form this association is, from best to poorest, rats, 
raccoons, monkeys, and chddicn This order is the revcisc of the 
order found for the ability of the same subjects to peifoim the double 
altei nation ptoblem Secondly, the most pi eminent tendency toward 
simple alternation was found with the children It led to a pciccnt- 
age of eirois on the fouith icsponse much gieatei than that found 
for monkeys (Table 7) The monkeys tend towaid simple alterna¬ 
tion, but this senes {R L L R) occuned less tlian half as often with 
them as did the seues R L L L (Table 8), Furthennoie, the senes 
R L L L was moie piominent with raccoons than witli monkeys and 
was most definite of all with rats This seiics of iespouses appears to 
be the icsult of a diiectton tendency functioning in the temporal maze, 
and IS much more pi eminent in the peifoimance of rats than with 
human subjects Husband icpoits a sundai diftciencc in the type of 
reactions (cnors) made by human subjects and by rats (7, p, 375) 
He found that human subjects tend to altciiintc, and that rats tend 
to maintain a direction The seiies R L L L ]s the result of two 
factois; the first turn is associated with entiancc to the maze, and 
the otheib aie all towaid the side of final exit Pluntcr found with 
rats and raccoons that those aiumals which learned the seues R R L 
L would on eight lesponscs go R R L L Z/LLL(4, 5) This 
tendency to lespond to the left may be thought of ^ a direction 
tendency, as suggested above The prominence of tlie direction ten¬ 
dency in the lat IS fuithei shown by the recent woik of Dasliiell 
(1) Results secured with the temporal maze indicate that the 
tendency toward simple aliernafion and the dnectioji tendency occur 
in the opposite relative oidei with the subjects thus far tested The 
foimer occurs in incieasing degiec with rats, laccoons, monkeys, and 
human subjects, while the ducction tendency is most piomment in 
the fust mcmbcis of this list 

2. Ex^tcJiswn of Series After the subjects had satisfied the cii- 
tenon of learning, the question still lemained, ‘*Can human subjects 
extend the double alternation of lespouscs to a senes of gieatei 
length than that upon which they weie tiained?” In order to 
answei this question each subject was tested as follows On the trial 
immediately following the three conect successive tiials in which lie 
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met the ciitenon of leaming, the seiics of lesponses was extended to 
twice its usual length without warning to the subject Table 9 sliows 
the lesults of the tiials with extended seiics for all subjects so tested. 

In the adult gioup 23 subjects ran the extended series of 16 
lesponses without eiior on their first tiial Four of these hesitated 
slightly aftei completing 8 responses, and two hesitated after com¬ 
pleting 12 1 espouses Of the two subjects who failed to make the 
extension conectly on their fiist attempt, one rnade an cnoi on 
response 9 aftci which he peifoimcd the series couectlv. I decided 
to keep him going, and found that he made an error on number 17 
At this time he said, **That^s funny I got out on the left side be¬ 
fore/’ The othei subject made an erioi on icsponsc 10 and then 
completed the senes conectly. Aftei the qxpciiment he stated that 
when lie found the senes was extended he anticipated a change in 
the problem Both of these subjects peifoimcd the extended series 
conectly on there second twaU Since the conditions of the cxpe\i“ 
ment demanded the extension without vcibal mstiuctioiis from the 
expelimentei, the subject was icquiied to administei his own instruc¬ 
tion stimulus It IS inteiesting to note that only two of the 25 sub¬ 
jects in the adult group piocceded undei insti action stimuli at 
vanance with the plan of the expenmentei 

The youngest childien encountered difRculty in making the ex¬ 
tension of double alternation fiom 4 to 8 lesponses Neither of the 
five-yeai-olcls succeeded in making the extension within tlie number 
of tiials given One of these subjects had learned the 4-icsponse 
problem in 8 trials He failed on his first three attempts to extend 
the double alternation to 8 responses, I questioned liim concerning 
his solution of the pioblem, and found that lie had formulated it in 
terms of ^‘two that wav, and two that wav [pointing],” He tued 
the extension thiec moie times with the result that the double alterna¬ 
tion of the fiist 4 responses bioke down I then tiied him foi 8 
more trials of 4 lesponscs each, the last 3 of which weic collect He 
was able to tell me what he intended to do, before entering tlic maze, 
but each time he tued the extended senes he would make ctiois on 
responses 5 or 6 On trial 31 he lesponded R R L L R (at this 
point he said, “I did it light”) L L R (”I can’t get it”) On coming 
out of the maze, he said, don’t know—I don’t know how to 
count.” Woik with him was discontinued at this point Following 
his satisfaction of the criterion of learning, he had been given 20 
trials, 12 of which were extended senes. The other five-year-old. 
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who took 37 tiials to learn the pioblem, was very tired of working 
at the time he satisfied the criterion of learning. 'He was given 10 
trials of 8 responses each, hut failed on all of them. 

The six-year-old who took 8 trials to learn made the extension 
correctly on his first attempt. He paused for several seconds upon 
completing tlie first four responses, and then ran 4 more correctly. 
This subject was a talkative youngster After the expeuraent, m 
answer to the question, ‘‘How did you learn it^” he replied, “I went, 
and when the doors were shut I went the other way. When I went 
twice that way, the doors were opened, and then I went the other way 
twice Because I found the doors were open, I finally went around 
each side twice. Once I was waiting for the front door to open. Because 
the door didn’t open, I went around each side two more times,” He 
said all this with scarcely any hesitation. The six-ycar-old who took 
18 trials to learn succeeded in running the extended scries correctly 
on Ills third attempt, On his first two attempts he responded R R 
L L L L L L, The third six-ycar-old, who took 29 trials for learn¬ 
ing, was tested seven times on the extended senes Of these he 
performed the third, fifth, and seventh correctly His formulation of 
the problem was, “I thought there was going to be two, so I done 
it” Thus the five-year-olds did not make the extension, and the 
six-year-olds succeeded only with difficulty Of the 31 children from 
7 to 13 years old, 29 ran the extended scries correctly on their first 
attempt. Two of these hesitated slightly after the fourth response. 
The two subjects who made cirors on their first attempt at the 
extended senes above each responded R R L L L L L L Each ran 
the extended series coirectly on his second triah 

These results indicate that the double alternation problem, when 
mastered by the older human subjects, can be performed correctly 
even though the number of responses in the test senes is twice that 
of the training senes Hunter (4, 6) has found that neither rats 
nor laccoons are able to make this extension Rats and raccoons 
botli make two responses to the right and all otheis to the left; that 
IS, double alternation with them appears to be confined to the series 
upon which they have been trained The monkeys were not tested 
on this problem in the temporal maze, and the question of whether 
they can make the extension or not remains unanswered ^ The fact 

’It will appear in the third experiment of this aeries that monkeys are 
able to extend the double alternation of responses in another type of 
apparatus 
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that iuiman subjects encountered little oi no difficulty in the extension 
of the double alternation of responses is closely related to the nature 
of the solution used by human subjects Solution of the problem of 
double alternation with huiriiin subjects always was accompanied by 
the verbal foimulation in the general form **two to tlie right, two 
to the left ” This supplemented the non-differential stimuli en¬ 
countered while running the temporal maze, and made possible the 
double alternation of responses* My lesults indicate that, once this 
veibal formulation is established, it can serve to contiol the double 
alternation of responses throughout series of various lengths, In 
this sense the solution of the double alternation problem may be said 
to involve a type of behavioi which is ^‘typically human. 

Summary and Conclusions 

In this cxpeiiment a main cxpciimental group of 63 human sub¬ 
jects, including 25 adults and 38 child ten, was tested on the double 
alternation problem in a temporal maze. The maze was large 
enough for human subjects, and identical in all essential aspects with 
the temporal maze used with monkeys. Tests with about 20 sub¬ 
jects proved that no exteinal cues weie given by the ope ration of 
the maze, 

All subjects weie ignorant of the nature of the experiment Tlicy 
were given no instructions, but were simply introduced into the 
maze, They went through the same preliminary training as had the 
monkeys The proceduie employed with human subjects was dif¬ 
ferent fiom that employed with the monkeys in the following 
respects, 

1. Motivation was secured with the monkeys by means of shock 
and hunger, and with the human subjects (when nccessaiv) by the 
instruction, “Keep moving 

2 Human subjects learned in one pciiod of successive tuals, 
while the monkeys ran one trial a day until the ciitenon was 
satisfied. 

These diffeiences aie mtcirelated in that both concern the problem 
of motivation 

The human subjects exhibited the same geiieial stages of learning 
and the same types of behavior duiuig these stages as did the monkeys. 
In addition, the human subjects exhibited certain veibal behavior, 
At the close of the expeiiment each subject related that he had 
formulated his solution veibally in the general form, “twice to the 
right, twice to the left/' etc 
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The learning iccord^i in teims of tnaU, etiois, and time show that 
the human subjects masteied the double alternation much more 
quickly than had the monkeys^ laccoons, and rats* The adult group 
also proved supeiioi to the children's gtoup. The coirelation be¬ 
tween trials to learn and age foi the 63 subjects of the mam evpcii- 
nnental gioups was 35zh 08 A slight decrease m the aveiage num- 
bei of trials to leain appeared at each successive age level foi the 
child ten’s gioup. The two youngest subjects tested (tliiec and four 
yeuis old) did not leain the piobleiu in 30 and 42 tiials, icspectively 
This, howcvci, is no leason to suppose that they could not leain the 
pioblcin if given moie tiials. 

Coirelations between trials to leain and ordei of taking the ex- 
pciiment aie 0 and indicate the impiobability tliat the subjects com¬ 
municated thioughout the .senes of tests, Coiielations of intelligence 
and tiials^ ciiois, and time are about the same as those usually found 
bet^veen intelligence and school marks ( 58±: 09). Coiielations 
between vaiious aspects of the Ic.uning data such as those usually 
employed in studies of reliability gave coefficients of 75 to 88 for 
adults and 92 to 98 foi childicn These coefficients ot reliability 
Lompaic favoiablv with those obtained for otliei foims of the 
mu!tip[e-T maze 

The evcn-numbeied response of each tiial proved to be moie 
difficult than the odd-numbeted responses foi human subjects, as they 
had with monkeys The childicn encountered moie difficulty m 
learning the fiist response correctly than had any othei gioup of 
subjects. The children also showed a marked tendency towaid 
simple alteimtion behavioi 

The lats, raccoons, and monkeys had all shown a picdominaiicc 
of the series of responses, R L L L, dunng learning. This appears to 
be the way in which a duecUott tendejtcy exhibits itself in the 
tempo]al maze, With the human subjects, however, the responses 
L L L R and R L L R weic predominant These responses are due 
to the late learning of the fiist lesponse and to the tendency toward 
Simple alternation. 

In the tests upon the double alternation of response in senes of 
greater length than those upon which they had been trained, the 
human subjects encountered little difficulty. The six-ycar-old chil¬ 
dren found this problem a little liardei than did the older children, 
however, and the fivc-vca.r-old children did not succeed in making 
the extension in the trials they were given All subjects gave cvi- 
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dcncc that tins extension was at least in part contioiled by then vcibal 
foimiilation of the problem 

From the icsults of this expeument the following conclusions may 
be stated 

1. Human subjects can learn the double alternation pioblcm> and 
pcifoim it moie successfully than any subjects thus fai tested in the 
tempoial maze 

2 Human subjects can extend the double alternation of le- 
sponses to senes of gieatei length than those upon which they ^vere 
tiainech 

3 Human subjects formulate then solution of the double altci- 
nation pioblem veibally in the general foim, twice to the light, twice 
to the left, etc This foimulation supplements non-difteicntiai in¬ 
teroceptive and exteioceptive stimuli encountered within the tempoial 
maze, to call out the double alternation of lesponses* 

The lelatwc abilities heie demonstiated fo\ human acUiUs and 
childlen, foi monkeys (2), and foi lats and raccoons (Hunter, 4) 
coiiesponJ to those found for tliem in the delayed leaction expeu- 
nient [This statement needs only sliglit levision as a icsult of the 
woik bv Hunter and Naggc (6) wheie much bcttei lesults weie 
secuied with rats than had previously been the case These icsults 
wcic secuied by a different method than foimeily used, a mctliocl non- 
compaiablc with that used foi laccoons Undoubtedly, methods 
could be devised which would gieatlv improve the laccuon's pei- 
foimance, but, foi compaiisons, it is necessary to use compaiablc 
methods ] Wc seem to be dealing; with a foim of bcluTvioi which is 
**typically human,” and which is less and less in evidence as wc 
descend the genetic scale The situation is appaiently quite diftcrent 
from that found in ordinaiy habit foimation of tlic maze type wdicic 
the response conceined is in no sense typically human, and where 
the above-mentioned subjects would fall into a different order on the 
basis of efficiency displayed in raasteiy 
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LE PROBLEME DE L*ALTERNATION DOUBLE 11 LE COMPORTE- 
MENT DES ENPANTS ET DES ADULTES HUMAINS DANS 
UN LABYRINTHE TEMPOREL D^ALTERNATION 
DOUBLE 
(R68um6) 

On a teate soixante-troia sujets hnmams, y compris 25 adultes et 38 enfants 
(flgda de 3 ^ 13 ana), en dcs pfinodcs simples d’6preuves successiyes dans 
un labynnthe temporel asse^ grand pour les sujets humains et identique 
tous les 6gards essentiels au labyrinthe temporel employe anteneurement 
pour les singes Tous Ics sujets ont ignor6 la nature de l’exp6rience 
On ne leur a donn6 aucune Instruction mais on les a introduits simplement 
dans le labyrinthe Us ont montr6 les memea Stapes gdndrafes de Pappren- 
tissage que celles montre par les singes Les sujets humains (li I'exception 
des deux enfants les plus jeunes) ont appris le problfeme de Palternation 
double en une h 37 6preuvcs Lea tests one prouve quails n^ont pu reccvoir 
de suggestions de l’op6ration de PappareiK A la fin de Pexpdrience chaque 
sujet a difc qii’il avait formula sa solution verbalement dans la forme, deux 
fois d la droite, deux fois h la gauche Dans les tests de Palternation double 
des r6ponses en des series plus longues que celles oi'l ils avaient en- 
train^s, les sujets humains ont tous reussi /i ^exception des enfants .3ges de 
moins de six ans, Tous les sujets ont montr6 que cet accroissement a etc 
control^ du moina en partie par leur formulation verbale du probl^me 
Les reponscs paires de chaque (§preuve ont proiiv^ d’etre plus diflicilcs 
que les r^ponses impaires chez les sujets humains que chez les singes, Les 
enfants ont trouv6 plus de difRculte i apprendre la premiere r^ponse que 
n’lmportc quel autre groupc des sujets Les rats, les rntons, et les singe"? 
avaient tous montre une predominance de la sciie de reponses, D G G G, 
pendant Papprentissage II parait que e’est la maniere de Inquellc une 
tendance de direction se montre dans le labyrinthe temporel Chez les sujets 
humains, cependant, les series GGGDetDGGD ont 6t6 predominantes 
Ces series sont dues k (1) Pap premiss age tardif de la premiere r^ponse, 
et (2) une tendance marquee vers Palternation simple 
Les capacit6s relatives montries jusqu’ici chez les sujets humains, les 
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singes, Ics ratonsj et les rats dans le labyumhe temporel cralternation 
double sont en accord avec celles troiivdes dans I’expenence de la rdaction 
rctardee H <Jemblc que nous ayons afFaiic avec ime forme de comported 
ment “humain en type” ct de moms en moms en 6vidence comme nous 
descendons dans Tdchelle gen^tique La situation serait tout i fait dilTerente 
de celle tiouv^e dans la formation ordinaire des habitudes dans le laby- 
nnthc oil la i6pon8e dont il s’agit n’est pas dii tout hiimaine en type, et 
oil les sujets mentionnes ci-dessiis seraient places dans iin ordre different h 
cause de I’efficacite dc leur apprentisaage 

Gellermann 


DAS PROBLEM DER DOPPELTEN ABWECHSLUNG. II DAS VER^ 
HALTEN VON KINDERN UND ERWACHSENEN MENSCHEN 
IN EINEM ZEITLABYRINTII (^TEMPORAL MAZE”) 

MIT DOPPELTER ABWECHSLUNG (“DOUBLE 
ALTERNATION”) 

(Rcferat) 

Es will den 63 menschliche Versiichspcrsonen, bestehend aus 25 Erwach- 
senen unci 38 Kmdern (3 bis 13 Jahre alt) in zeitlich abgesondcrten derten 
Gruppen von angereiten Versuchen gepiuft in einem Zeitlabyrmth welchea 
fur menschliche Versiichspeisonen gross genug und m allem WeaentUchen 
mit dem fruher an Affcn gebrauchten Zeitlabyrinth identiscli war, Allc 
Vpp waien uber das Wesen dcs Expenmentes voliig unkundig Eg wurden 
ihnen keinerlei Unterweisiingen gegeben, sic wurden einfach in das Laby¬ 
rinth hineingefuhrt, Sic erwiesen die selben allgemeinen Stufen dcs Lernens 
welclic die Affen gezeigt hatten. Die mcnschlichen Vpp (mit Ausnahme 
der zwei jungsten Kinder) bemeistcrten die Aufgabe der doppcltcn Ab- 
wechslung in 1 bis 37 Versuchungen Nachprufungen erwicsen, dass sich 
aus der Witkung des Apparats keinc Weisungcn (“cues”) herleiten lieaen 
Am Ende dcs Expenmentes behauptete jede Vp, sic hatte ihre Losung 
verbal formubert in der Eorm zwei Mai nach Rechts, zwei mal nach Links 
In Versuchen mit der doppelten Abweclislung der Rcaktionen (“responses") 
in Serien welche langer waren, als die, worm aic trniniert worden waren, 
batten allc Erfolg nut Ausnahme der Kinder unter 6 jahren Alle Vpp 
erwiesen, dnaa die Verlangerung wenigatena teilweise durch ihrc verbalc 
Formulicriing der Aufgabe kontrolliert wurde 
Die gleich-nummenerten Reaktionen aus jedem Vcrsuch erwiesen, sich 
bei Menschen als schwieriger wie die unglcich-nummenertcn Reaktionen, 
wie sie sich aiich bei Affen erwic'ien hatten Die Kinder hatten bei dem 
Lernen der ersten Reaktion mehr Muhe wic irgend noch eine Gruppe von 
Versiichspcrsonen- oder Tieren, Ratten, Waschbnrcn, und Affen hatten alle 
bei dem Lernen das Vorherrschen der Reaktionsscne R L L L erwiesen 
Dies schient die Art der Offenbarung elner Richtungstendcnz (“direction 
tendency”) in dem Zeitlabyrinth zii scin Bei den mcnschlichen Vpp, jedoch, 
erhielten die Serien LLLR und RLLR die Obergewalt Ursachen dieser 
Serien sind* 1) das spate Erlernen der ersten Reaktion, und 2) eine stark© 
Richtung nach einfacher Abwechslung 

Die bisher erwiesenen relatjven Geschicklichkeiten von mcnschlichen Vpp, 
Affen, Waschbaren, und Ratten in dem Zeitlabyrinth mit doppelter Abweehs- 
lung entsprechen detien die in dem Experiment mit verzogerter Reaktion 
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("delayed reaction experiment”) featge'itelU warden 8ind Wii schcmen ca 
hier mU eJJier Form dcs Verhalrci)'* nu tun hal>e/) weJche typjsch /nenseh- 
lich ist^ und wciche desto weniger in Er&clieinung tntt je tiefer wir an 
der genetischen Entwickliingsleiter herabstcigen. Die Lage ist hier an^ 
schemend eine gan? andere wic bci der Entwicklung dci Gewohnheiten wie 
sie aicli gewohnhch bei Labyrmthaufgaben findet, worm die betciligte Re- 
aktian keineswega typisch mcnachlich ist und worm die obengenannten Vpp 
m Beziig auf ihrc Leistungifnhigkelt bei dei Bcmdstcuing cine andere 
Ranggordnung anncbmen warden. 


Gillerw^^un 



COMPARATIVE INTELLIGENCE OP IDIOTS AND 
NORMAL INFANTS*^ 

Frotn The Training School at Ttnelnitd N'cw Jersey 


Cecelia G. Aldrich and Edgar A. Doll 


Previous reseaich with the feebleminded has developed the hypo¬ 
thesis that this condition represents a geneial tendency toward 
infantility. The feebleminded tend to be like childicn and this is 
reflected not only m their mentality and bchaviorj but also, though 
less markedly^ in their physical constitution Mental resemblances 
of the feebleminded to noimal children led twenty years ago to a 
system of classification based on mental ages or genetic levels of 
development. Numerous psychological investigations have since con¬ 
firmed the validity of this hypothesis. 

Recently the Vineland laboratory has undertaken a senes of inves¬ 
tigations to re-exatrune some of the theories of feeblemindedness 
from other points of view. Speculation on this problem develops 
at least five plausible assumptions as to the nature of feebleminded¬ 
ness as representing (a) a low level of biological evolution, (b) a 
low level of anthropological evolution, (c) a pathological vaiiation 
from the normal, (d) the mere quantitative deviation from the nor¬ 
mal, as well as (e) the tendency toward normal infantility, Two 
specific investigations have been undertaken with leference to these 
hypotheses, (/i) a comparison of adaptive behavior of idiots with 
that of anthropoids, and (b) a comparison of the intelligence of 
idiots with that of normal infants. 

Numerous authorities have pointed out that the study of the 
feebleminded contributes significantly to a better understanding of 
normal human development This is because the feebleminded repre¬ 
sent simpler stages of development which are relatively peimancnt and 
permit extensive and intensive study without giowth changes on the 
part of the subjects, Following the same line of reasoning, we may 

^Accepted for publication by Carl Murchison of the Editorial Board and 
received in the Editorial Office July 22, 1930 
^This IS a rcpoit of one of a senes of experimental studies in the adaptive 
behavior of idiots conducted at The Training School at Vineland under a 
financial grant from the Elmhirst Fund 
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assume that the study of idiocy, the lowest giade of feeblemindedness, 
should contribute to better undcistanding of feeblemindedness m 
general, since the idiot would icpiescnt the veiy simplest stage of 
human development as a permanent condition not materially chang¬ 
ing with age. 

Tlic present study is a report of a compaiison of the mental abilities 
of idiots and those of normal cliildien accoiding to three scales of 
genetic development* These results may be compared witli the 
companion study of idiot behavior as compared with anthiopoid 
behavior in pioblem-solving situations. These studies are also de¬ 
signed to investigate the lelativc meiits of tlie genetic technique as 
compaicd with the technique of comparative psychology foi these 
subjects. 

Technique 

Genetic scales for the study of feeblcraindcdness have been avail¬ 
able since 1905, The fiist Binet-Simon scale contained six tests, 
graded according to difficulty foi the first two years of life, and 
these tests were for many yeais employed in measuring mental 
abilities of idiots. Binet did not subsequently elaboiatc these tests, 
apparently considering that the intelligence of idiots was so low that 
lefinement by measurement was cither unnecessary or impracticable. 

Othei psychologists, notably Wallin, empliasized the necessity for 
more exact measurement of the lower ranges of mental ability among 
normal infants and with the feebleminded Subsequent develop- 
meats in psychology have justified this emphasis bv calling attention 
to the importance of slight cliffeiences early in life which increase with 
age. Kuhlmann (6) in 1922 published a systematic scale of tests 
designed to provide for more precise measurement of the infant 
levels of mental development, these tests being founded on the same 
general principles which guided Binet Subsequently, Stutsman (7) 
developed a senes of performance tests of a somewhat different 
character. 

Approximately coincident with the development of these scales, 
Gesell (3) began his elaborate investigations of very young infants 
and preschool children. His results, published m 1925 and 1928, 
give, perhaps, the most scientific evaluation of mental development 
in early infancy and the most satisfactory method of expressing the 
developmental studies of idiots in terms of growth or genetic 
development. 
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Tlie standard classification of the feeble minded, according to 
(legiee of feeblemindedness, defines idiots as those feebleminded clul- 
dicn whose mental development at maturity is less than the general 
abiliV of noimal child of appioMmately thiee yeais of age Within 
this level of ability there arc, of couisc, many varieties of idiocy 
accouhng to the specific etiology accompanying each case Nevei- 
thcless, idiocy as a general condition mdy, for piesent puiposes, be 
thought of in quantitative teims as the lowest degree of human 
mental development The problem of such qualitative diffeiences 
as may exist within the mental range of idiocy is a problem for future 
investigation. Tins pioblem is touched upon in the present study 
only as qualitative differences appear m connection with the genetic 
scales employed. 

Until compaiatively recently the gcncial ability of idiots in terms 
of mental age has been determined by the tests of the original Binct 
scale More lecently these abilities liave been determined by the 
Kuhlrnann-Binet, either as pait of the entire Kuhlmann scale or bv 
substituting the fust two ycais of the Kuhlmann scale foi the eaily 
tests of Binct as part of the Stanford-Binct scale The genetic scales 
of Stutsman and Gescll provide a wider range of genetic measure¬ 
ment for these subjects The comparative values of these scales is 
one question raised in the piescnt study 

The original plan of tins investigation was ineiely to examine a 
gioup of idiots with these three scales and compaic the results with 
the normal standardization, our primary purpose being at that tune 
to compaie genetic aspects of idiocy with measurements of adaptive 
behavioi employing the pioblem-solvmg technique picviously used 
with anthropoids. As oui study piogiesscd it seemed advisable tliat 
wc should make an intensive study of oui results and should do this 
by coitipaiing the genetic development of these idiots with that of a 
contiol group of noimal subjects under the same laboratory con¬ 
ditions This would enable us to evaluate oui compaiatively small 
group of subjects not only in terms of the general statistical standards 
for these scales, but also with the individual pcifoimances of noimal 
children of the same sex whose life ages fell within the same range 
as the Kuhlmann-Binet mental ages of the idiot groups 

Subjects 

Idiot Gfoup The idiot subjects of this investigation included 
12 boys, at 'I'he Training School at Vineland, classed as of idiot 



230 


JOURNAL. OF GENETIC PSYCHOLOGY 


grade Complete case histones of these children arc on file at the 
Vineland Laboiatoiy. For present puiposes the diagnoses of idiocy 
are assumed to be authoutativc, being based on the complete syllabus 
of clinical psychology. Moie piecisely, these subjects aie high-grade 
idiots and nearly half of them arc at the borderline of low-giade 
imbecility. It is^ however, very improbable that there will be any 
appreciable fuithcr mental development in thobe subjects According 
to Kuhimann-Binct mental age scoies, this vvill most ceitainly not 
exceed 3,5 yeais 

A brief description of these subjects, showing age, mental age, 
aveiage age foi height (Smedley norms), and physical stigmata, is 
contained in Tabic 1. It will be noted that three of the subjects are 
below avciage in height Descriptions of the individual children 
follow, based on observation in cottage, kindergarten, experimental 
situations, and reactions duiing the examination 
Jolinny, pliysically and mentally the youngest child gf the idiot 
group, IS also the most helpless. He drools and sucks his thumb 
unless constantly supervised. He is not clean m personal habits, and 
can scaicely feed himself His black hair and ej^s, fan waxlike 
skin, and infantile manner make him the lecipient of much attention, 

TABLE 1 

Description of Idiot Subjucts 
Monta/ age 


No 

Name 

Life age 
in yra 

(Kuhimann- 
Binct) 
in mos. 

Standinf^ ht 

Av age 
Cm m years* 

Other 

data 

1 

Johnny 

7.3 

19 

114 

7 

mncrocephallc 

2 

Harry 

10 8 

20 

129 

10 

speech defect 

3 

Gua 

10.4 

20 

129 

10 

functionally 

deaf 

4 

Timmie 

10 9 

26 

133 

11 

thyroid 

deficiency 

5 

Buster 

10 6 

30 

139 

12 

cleft palate 

6 

Sammie 

9 0 

34 

128 

10 

none 

7 

Howard 

9.6 

34 

128 

10 

speech defect 
spastic gait 

g 

Jackie 

9,2 

36 

136 

11 

9 

Carl 

9.4 

36 

118 

7 

none 

10 

Eddie 

13 5 

38 

159 

15 

macrocephalic 

congenital 

lues 

11 

Willie 

93 

38 

123 

8 

IZ 

Ned 

15 0 

38 

139 

12 

speech defect 


♦The age norms for standing height are computed from the Smedley 
tables of physical development (1) 
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His reactions are usually apathetic, although occasionally, when his 
dcsiies arc thwaitcd, he leacts by screaming tearlessly until dis- 
ti acted 

Hany is a hypei active little fellow, always eager to accept any 
promise of change and just as eagci to letuin to the established 
jcgime His behavior m a contioiled situation coricsponds moic to 
that which Tlioindike teims landom activity than does that of any 
of the other idiot children He scaicelv waits for instiuctions, but 
takes anything given to him, manipulating it irrelevantly but not 
destructively In the cottage he is eager to help, and has learned to 
undress himself and another child. 

Gus IS a pathetic child who docs not talk at all, and who is 
functionally deaf Occasionally, but not often, he lesponds to his 
name. A ball or top is his chief delight, and, although he larely 
made any constructive effoit m peiformaiice tests, he took the ma¬ 
terial and patted oi biiefiy manipulated it Theic is usually a "far 
away*^ look in his eyes, which temporarily disappears when he is 
given a new toy, but icturns almost immediately If started on a 
simple activity, such as bouncing a ball or tapping a stick, a persever- 
ative tendency is marked 

Timmie is very fiiendly and seeks attention, although when he 
icccives It he smilingly retreats, and hangs his head. He is very 
cooperative, but is slow in his reactions. His verbal ability is 
meager, and relatively clifTicult verbal tests receive the same parrot- 
like response, "Mo daddy, mo daddy ” 

Buster is physically well developed. He has a cleft palate and 
does not talk intelligibly m spite of a mental age of 33 months, but 
by means of a i datively efficient sign language he is able to make 
simple wishes undeistood Although somewhat deceitful, as evi¬ 
denced by bis performance when not awaie of an obseivei, he was 
eager for attention and anxious to please throughout the examination, 
Sammic is quick of movement, anxious to play, and well adjusted 
in school, cottage, and laboratory situations His deficiency was 
supposedly due to a sudden aircst at two years of age, up to which 
time he had developed normally. This suggests that in some ways 
he might be expected to lescmble the preschool child more than other 
children of this group. A subjective judgment, based on obseivation 
of his behavior, confiims this suggestion 

Howard is very dramatic and gesticulates a great deal. He says 
only a few woids distinctly, but vocalizes continually, even when 
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alone He frequentiv plays witli nn imaginary companion, to whom 
he directs a voluble stieam of unintelligible chatter for peiiocis of as 
long as ten oi fifteen minutes at a time He is subject to a chionic 
catanlial condition 

Jackie IS a lovable little boy, frequently spoiled because of his 
spastic gait, which slightly handicaps his luiming and playing He 
IS very affectionate and cooperates eagerly Tlieic is a histoiy of 
biith tiauma, the only physical evidence of which is the spasticity 
of gait 

Call, who is physically under-developed, is quick and agile in his 
movements, and caies little foi appioval He rarely speaks unless 
questioned, and then his response is monosyllabic, with infantile 
articulation Duiing the examination he was coopeiative as long 
as new materials weie being picsented, but was easily discouraged, 
and pouted if the examiner was insistent. 

Eddie h<as an unusual fund of infoimation for a child of his level. 
He asks questions constantly, demanding answers which must be 
consistent from day to day He can often reproduce infoimation 
given to him, and parts of conversations he has heard. This veibal 
ability, however, lesulted fiom years of tiaining, and is in many 
ways superficial, Eddie can do little oi nothing helpful foi himself 
or otheis, 

Willie IS ail active little boy, veiy mischievous, and deceitful, but 
always appearing innocent and submissive He pilfers fiom the 
othei children and dominates them easily He is so quick and sly 
that, after turning her back foi an instant, the examiner would 
almost invaiiably find him taking pictures off the wall, putting test 
materials in his pocket, or leaving the room As long as he is given 
undivided attention he is fully coopeiative He has a high-pitched 
nasal voice, which often terminates in a whine if his wishes aie 
thwarted 

Ned is physically under-developed and anaemic His speech is 
the most deficient of the group, although manually he is supciior to 
most of the children. He is very willing and helpful in the cottage 
and never quarrelsome, but displays veiy httlc initiative, imagination, 
or constructive activity. 

Nonnal Infant Gronp The control group of normal infants 
consisted of 12 childien from private families in Vineland, selected 
on the basis of life age as compared with the Kuhlmann-Binet 
mental ages of the idiot subjects. It was assumed that these children 
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would appioximatc the standard norms and theicby be compaiablc 
in mental age as well as life age to the mental ages of the idiot 
group. Examination, howevei, showed the noimal subjects to be 
supeiior rathei than aveiage on the Kuhlmann-Binet scale This 
suggested a change in the basis for selection from that of life age to 
mental age* Howevei, since the supeuority on the Kuhlmanti' 
Binet was offset by infciioi scoimg on one scale and average scoung 
on anothei, it was considcicd advisable to adhcie to the oiiglnal 
plan of having the life ages of the piescliool gioup within the langc 
of the Kuhlmann-Buiet mental ages of the idiot gioup i at her tlian 
pairing them with lespcct to scoies on any one scale 
These childien wcie all m excellent health at the time of the 
examination and there was no lecoid of seiious illness oi pathology 
othei than oidmaiy childicn’s diseases without notable sequelae 
A detailed tabulation of these subjects accoidmg to age is piesentcd 
m Table 2 


TABLE 1 

Description or Infant Subjlcis 


No Name 

Life age 
in moa 

Cm. 

Standing ht 

Av age in mos ^ 

Physical 

stigmata 

1 Neal 

19 

S3 

21 

none 

2 Richard 

20 

83 

21 

none 

3 Paul 

22 

84 

22 

none 

4 Bobby 

23 

S3 

21 

cleft palate 

5 Eddie 

24 

83 

28 

none 

6 Noiman 

2S 

90 

30 

none 

7 Clifford 

33 

91 

31 

none 

8 Raymond 

34 

93 

36 

none 

9 Billy 

34 

91- 

37 

none 

10 Robcit 

36 

96 

41 

none 

11 Edwin 

38 

91 

33 

none 

12 Beinaid 

38 

97 

43 

none 


*The average age foi btanding height was computed from the Baldwin 
norms, inasmuch as the Smedlev norms do not extend sufficientiy low to 
\nclude these childicn 


The following bucf descriptions of these subjects ate based on 
obseivations at the time of the examination, supplemented by infoi- 
mation from the mothcis It will be noted that seven of these sub^ 
jects arc the only childien m then families 

Neal is the youngei of two childien The othci child, a girl, is 
three years older, veiy quiet and Vv''cll behaved Neal easily domi¬ 
nates the family He is shv, obstinate, and selfish among other 
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child I en, but usually affectionate and lovable among adults with 
whom he is familial He was the only child of the gioup who was 
negativistic in his attitude towaid the examination He wanted to 
control the situation and ciied when any suggestion was made, or 
question asked. With the coopciation of the mothei and an adjust^ 
ment period of appioximately lialf an hour, the examination was 
completed, and the child left in a good humoi. 

Richard is an only child. He was lestless and distractible, but his 
attention was easily hi ought back to the task at hand He was easily 
and quickly examined, although fiequently between tests he would 
ask, "Wlicie’s mudder?'’ 

Paul IS also an only child, chubby and very babyish in appeal ance 
His reactions wcie slow and stable He accepted and tiled each 
test piesented, without protest His peiformances within the langc 
of his abilities weic qualitatively high 

Bobby, an only child, is delicate in appearance, with a slight speech 
defect which is reported due to a cleft palate His manual pei~ 
formances were slightly better than his verbal responses. He was 
very friendly and affectionate,' and coopciated readily 

Eddie IS the younger of two boys. He was inclined to be leticciu 
about the examination, and lepeatedly asked to be taken for a iidc 
He refused to remove his hat and gloves, but eagerly accepted and 
played with the test materials and toys. Befoie the end of the 
examination lus wraps had been removed and lus cooperation was 
beyond repioach 

Norman, an only child, is a quiet, babyish little fellow with big, 
serious eyes. He was very attentive and apparently inteiested in 
the tests, but rarely smiled. His responses were either accurately 
and quickly given, or withheld entirely. He displa 5 ^ed no restless¬ 
ness throughout the examination 

Clifford was very independent and mature in his reactions He 
has no brothers oi sisters and his behavior reflects that of the adults 
with whom he spends most of his time, 

Raymond and Billy aie twins Their responses on the Kuhlmann- 
Binet were identical, although Billy excelled Raymond in the 
manual tests of the other two scales, while Raymond excelled Billy 
in the verbal tests. There seemed to be equal domination between 
them when together, and both were friendly and coopeiative when 
with others. 

Robert is the youngest of three boys. He was eagei, active, and 
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coopeiativc. He talked about the tests and often insisted on lepeating 
them. 

Edwin IS an only child in a family oi five adults He is high- 
stiung, hypersensitive, and excessively active. His eagerness in 
verbal icsponses produced a slight stutter and iii manual perfor¬ 
mances often lengthened the time icquiied. He has an an of confi¬ 
dence and assertiveness which reflects the undivided attention he 
receives at home, 

Bernard is also an only child He was very matuie and precise 
in all his leactions, which weie qualitatively high He accepted 
the test situation in a dignified manner and cooperated to the limit 
of his abilities. 

Procedure 

The three genetic scales, namely, Kiihlmann-Binct, Gescll, and 
Stutsman, were administered individually to each child of both 
groups All thice scales were administered m one examination period 
with tempoiaiy interruptions to relieve fatigue or lestlessness The 
order varied in consecutive examinations so that each scale received 
first place an equal number of times Examinations were con¬ 
ducted free fiom observation except that some of the mothers viewed 
the examination from another room through a one-way vision 
scicen. The complete examination requited from 30 to 60 minutes, 
according to the ability of the child and bis attitude toward the 
examination Caie was taken not to force the testing, all necessary 
precautions essential to such work being observed in the standard 
manner The examiner had previously two years of experience in 
this type of work and had demonstrated personal suitability for 
satisfactoiy work with both low-grade feebleminded and with normal 
infant subjects. 

It is unnecessary to describe in detail the several genetic scales 
employed. However, the following brief comments are offered for 
those who may be relatively unfamiliar with these techniques 

The Kuhlmann-Bmet consists of a series of simple behavioi habits 
acquired through development and training, as well as a limited 
number of psychomotor tests The majoiity of the test pioblems 
deal with normal giowth and development of a psvehomotor char- 
actei, with some emphasis on the use of implements and the rudi¬ 
ments of language leaction. The tests are given very simply, and 
some of them may be scored by report of persons familiai with the 



236 


JOURNAL OF genetic PSYCHOLOGY 


child's oidinaiy behavior. In all examinations widenange tests 
wcic made, that ib, two peiiods. in the lower langc were required 
with aU tests passed and two petiods weic leqmreA in the upper 
innge with all tests failed. The Stanford-Binet was used for years 
3 and above. 

The Gesell developmental scales include foui majoi phases of 
development each giaded m degree These modes of development 
aie classed as motoi ability, laiigudge ability, adaptive bchavioi, 
and pel 5011 al-social behavior The motoi gioup includes such activi¬ 
ties as walking, climbing, sciibblmg, diawing, and the like, The 
laniruage gioiip includes simple vocalization and the eailiest stages 
of language. Adaptive behavior includes imitation, sensoiy dis¬ 
crimination, and compi chcnsion of simple instiuctions. Feisonal- 
social behavior includes response to environment, self-help, and 
simple forms of constructive activity Gcsell emphasizes that this 
classification of developmental reactions is one of convenience only 
and IS psychologically somewhat aitificlal The divisions do, liow" 
ever, display certain inteiesting difteienccs m mode of development, 
Theie IS a developmental schedule for each age pcuod which in¬ 
cludes all the important iespouses tliat a child of that particular 
level might be expected to make These responses leceive A, B, or 
C ratings, depending on the fiequcncy of their occurience at that 
age. Tests leceiving a B rating on one schedule may leceivc an A 
rating at the pieced in g level and a C lating at the subsequent one. 
The most diagnostic tests of rach level have been assembled by 
Gesell, foi the sake of clinical convenience, into the noimativc sum¬ 
maries The fom categories of behavioi have been given lelativelv 
equal appoitionments of tests at each age level Inasmuch as these 
made possible a wider age range with a smaller number of tests, 
and lent themselves readily to scoring in terms of months, these 
summaiies wcie used in this study in prcfeicncc to the complete 
schedules The same assemblage of tests was given to all subjects 
legaldless of level, and there is, theiefore, a gicat oveilapping of 
successes and failures. The tests withm the scale as well as com¬ 
plete scores are compaiable 

The Stutsman scrips of tests does not, strictly speaking, con¬ 
stitute a developmental scale m teims of spontaneous mental evolu¬ 
tion. It consists of twenty separate tests, sixteen of which aie 
manipulative and foiii of which are verbal These tests aie standard¬ 
ized individually on the basis of time foi successful peifoimance 
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and number of coircct lesponses. The tests aie not yet combined 
so as to aftoid general ratings for genetic development 

The scores obtained from these three scales of tests were first 
compaied with the standard noims for these scales The individual 
performances ot each child were then tabulated for the idiot group 
and for the normal infant gioup in order to study individual varia¬ 
tion and qualitative differences from the general statistical noims 
This individualized tieatmcnt yields a mucli nioie intimate study 
of the resemblances between idiots and normal infants than is pos¬ 
sible from the mere quantitative latings in teims of absolute scoics. 

Presentation of Results 

I'he expeiimental lesults obtained by the thiee genetic scales 
arc presented in Tables 3, 4, and 5 A discussion of the icsults 
of each scale is followed bv a general summary of the bignificance 
of the icsults as a whole and compaiativcly 
Kuhlmaun-Binet^ The complete data obtained tiom the ad mini s- 
tiation of the first two years of the Kuhlmann-Binet and the first 
four yeais of the Stanfoid-Binct are picscnted in Table 3 This 
shows the detailed successes and failures of each child in both gioups 
foi each test of the entire tangc It will be lecalled that widc- 
lange testing w'as employed which leqiiiics two ycais plus (success) 
at the lowei lange of the scale and two years minus (failure) at 
the uppei langc of the scale foi each child Tlicse e\tiernes of 
the testing range have been omitted in the table except for the uppci 
ranges in the lower mental ages and the lower ranges in the higher 
mental ages. In addition to the distribution of successes and failures 
on each test for each child, Tabic 3 shows the total mental ages m 
months, life ages in ycais, IQ^, and scatteiing^ 

Anai5^sis of Table 3 yields the following icsults* 

1 The mean a\eiagc mental age of the idiot gionp is 31 months, 
wliile the mean aveiage mental age for the normal infant group is 
37 months This show a superioiity of 6 months foi the iioimal 
infant group, although it was expected that the mental ages of both 
gioups would be cappioximately the same (It will be recalled that 
tile normal subjects were selected so that their life ages approximated 
the mental ages of the idioL subjects on the assumption that the 


"Hy ‘•caUeiiiiir is iTieint die mini'll of ^eals above the veai m 

which tests aie both plus and minus 
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mentiil ages of the nonn.il subjects would equal then life ages.) 
This indicates eithei that the Kulilmann-llmet is too easy for the 
normal childien oi else that the normal gioup is selected in favor 
of supeiioiity Piobably both of these influences aie opeiative. It 
Will be noted, howevci, that five of the noiinal subjects aic bevond 
the mental age limits of the idiot subjects and that the average IQ 
of the noimal infants is 124 instead of 100> as anticipated. Indeed, 
all but one of the normal infants aie above IQ llO on the Kuhh 
mann-Btner. 

2. The Older of difficulty of the tests for the individual sub¬ 
jects IS not one of orderly progression as might be expected on the 
assumption that the individual tests of the scale are arranged in order 
of increasing difficulty. Moreover, this order of difficulty is not the 
same for the feebleminded subjects as for the normal subjects, indicat¬ 
ing certain differential difficulties within the tests for the two groups 
These facts may be noted by study of the total number of successes 
on each test for each of the two groups It will be noted that these 
discrepancies m the relative order of difficulty of the tests arc much 
greater m the idiot gioiip than nr the normal infant group 

3 As a corollary of this relative and difterential oidei of diffi¬ 
culty of the tests, there is observed a laigcr scattering in the idiot 
group as compared \vith the noimal infants, the average range of 
scatteiing being 1 5 age-periods for the normal group and 3 0 age- 
periods for the idiot group, 

4. The difterential order of difficulty of the tests is the most 
Significant item with which oui study is concerned. Even when these 
tests have been scaled in the relative order of difficulty for the sub¬ 
jects of tins group of normal infants, there are still marked difter¬ 
ential difficulties in the tests foi the idiot gioup as compaied with tlic 
noimal infants. This comparative and differential order of difficulty 
is presented in Table 3^7, which shows the oidei of difficulty of tire 
tests for the normal subjects in age periods paiallcled with the order 
of difficulty on the same tests for idiot subjects The tests which 
are indicated by single asterisks are those winch weic passed by at 
least three more'noniiaL subjects than idiots, the one test on which 
at least three idiot subjects excelled the normal subjects is indicated 
by two asterisks 

Assuming that a test which shows a degiee of difteicntial diffi¬ 
culty such that at least three individuals in one group excel the 
performance ot the other gioup is a significant difference, we find 
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TABLE 3a 

Tests or the Kurlmann-Binef and Stanford^Binet Arranged in Order 
or DirrtcULTY for Normal Infant Control Group and 
Experimental Idiot Group 


Age-peiiod 


Tests 

Infanh 

Idiots 

18 TDOntha 

1 

Drinks 

12 

. 12 


2 

Feeds 

12 

12 


3 

Spits 

12 

12 


4, 

Unwraps 

12 

12 


5 

Imitates 

12 

12 

24 months 

I 

Obe>s 

12 

12 


2 

Speech 

12 

9* 


3 

Circle 

11 

10 


4 

Paits of body 

11 

9 


5 

Recognizes objects 

11 

9 

Year III 

1 

Points objects 

10 

8 


2 

Names objects 

10 

6* 


3 

Sex 

7 

7 


4 

Last name 

7 

S 


5 

3 digits 

7 

0* 


6. 

Pictures (3 objects) 

6 

6 

Year IV 

I 

Compaics Jincs 

5 

0*^ 


2 

Comprehends 

4 



3 

+ digits 

4 

0* 


4 

3 commissions 

3 

2 


5 

Forms 

3 

1 


6 

2 weights 

3 

1 

Year V 

1 

Defines 

3 

0» 


2 

Counts 4 

3 

0* 


A 

Aesthetic comparison 

2 

0 


4 

Morning and afternoon 

1 

2 


5 

Knows right and left 

1 

1 


6 

Copies square 

1 

0 


SIX tests in winch the noimal subjects excel the idiot subjects, and 
one test in which the idiot subjects excel the normals Moicover, 
these differences are not due merely to tlie supeiior mental ages of 
the normal subjects, since half of the diftefences occui within the 
range wheie the tests a^c passed by approximately half oi moie 
of each group. The tests in which the normal subjects aie supciior 
by as many as three of the twelve subjects as compaied with the 
idiots are (a) speech, (b) naming objects^ (r) repeating 3 digits, 
(fl) comparing lines, (^) repeating 4 digits, and (/) counting 4 
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GzSEILtaAIIV£$WI/IU£3 


Ei^teec Mooik 

1 ¥alb alone 

2 Cbmb c^sir or atair 

3 Tltrovn bll iiD bn 

4 Scribbles sptHnineoiuIy 
Ttio Vean 

1 Pbvi u:cb au^ lose viih ball 

2 Gratis Ti^rncal stnk jmitiitiTely 

Tbiec Years 

1 Cre^^ a piKc of papfT mtatirelf 

2 Btavb kuostii] 6tr(fb iDutaavdy 

3 Draws circle Iicoo copy 
Pour Yun 

1 Hub fisb m It and It band 

2 Tnccii diamond path 

3 Draws erase fm copy 
Firo YeaiB 

1 Hcoki iliili 3 [rmes in I minute 

2 Dra^fl triangle ftmi copy 
i Dnws pri3m from copy 

Scoro lU montiia 
Scattering 


Idiot aubjecta 


Infant anbjects 
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TABLE + [mimri) 

Gejeli Nomim Sdumaries 



LuiM Ainirr 

Tvrihe Month 

1 Sa^s 2 m!\i bfijilri 'Dada" & ‘'Mam" — + + - + + ? 4" + T + + + + ”^-|‘'l‘"'[‘ ^ 

2 CcmpreLtnds ample wwtaisiiaas - + + + ^ ^ 

3 Csn wi b^e-bye wdffftcfiwyit + + + -i-| + + + T + l+ 12 + ++ + + + + T+ + + + ^2 
Ei^teef] Month 

1 Sajffi 5 or (i vorla - + + + “ + “T4■■^■|'” 3+++ + T + i + 'l' + ’f’fl^ 

1 CofDiireliBinis aimplfc ^eSLOM - + + 31 'f'l' 4''!''f4‘ + T4'4 + 'l‘ 32 

3 Sd>s bello, ’ “iknt you, *eic ■“ + +-+ + 74+++4++ + + f4+I2 

4. Poinla to nose, eyeg, orkir -■1- + + + + + I + + !37+4 + l + |-f + + + +32 

T\yo Yf^rs 

1 Uses Simple bcntetices wd phrases --"- + + 4 + - 4- + + -i--I'-!- + 4+ t + +^3 

2 DiiLuijpijahea ‘ in" and ‘ under' _--.-j.-j._-- --[* 3 - 6 

3 Njiucs lamilur objects —■"“*-4“4444“ 54“1'4 t44'1""I''I''I'4'(' 32 

4 Points ID 7 Qui 0} 111 pictuirt - 444“‘l‘‘h“‘i'4 7 — — "“444444 ^ 

Three Yein 

1 Usffl pMflonnB, pait, and plaral -----j--] - --“j 

2 Dflluigii!i;hej''jD,’''Wer'ai]iI‘beliiDJ'’ — j------44"444 5 

3 hm 3 objecla m picture - ^-4-4444"" 5- 4-4444"44 ^ 


4 Can lell simple stones - .---4 - 4 " i--- 4 - 44 “ 3 

Tour Yeirs 

J rwalvo ivMJes — - - — --- 0 -.----C 

i Distui^jhlies 4 prepnsiiirais — - -I- 4 -t • 

3 ftes dfisonpwe words with pictures -- 0----4-3 

U\t YeJia 

1 DelitEB words byiae ' — - 3 *- 444 3 

il Knobs 3 or 4 words in Tocabiliry Lt-- — -- — - 0 —----- 0 

1 Interprets humor -— - 2--44“ - 

I SpeJiks \ijtli noL infantile artioulaijoD ----3 

Score m tnonibs 10 16 16 24 30 24 lUl 28 30 34 17 20 21 fM 21 21 27 3S 37 30 43 45 40 

Scattsrinp 12 12 6 2 2 4 4 4 4 3 1 1 2 1 1 2 0 2 13 2 3 
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penmes. The one test on which the idiot subjects excel is that of 
language compichension in Year IV 

It IS therefore evident that on the Kuhlmann-Binet the important 
diffeicncc between these idiot subjects and this control gioup of nor¬ 
mal infants is m the use of language, the idiots excelling the noimal 
infants in one test of language comprehension, while the notmal in¬ 
fants excel tlie feebleminded In use of language. These conclusions 
are in substantial harmony with the results of other studies in this 
general held 

Gesell T>^QrmatWB Summaries, l‘he complete Gescll data are 
piesented for both groups in Table 4 The lower extremes of the 
scale, wliicli all the children completed perfectly, are omitted Motor 
ability, adaptive behavioi, and personal-social behavior begin at the 
eighteen-month level, and language records begin at twelve months. 
In addition to the distribution of successes and failures, Table 4 
gives the estimated scores and the number of age periods over which 
the individuals scattered^ for each category, the final scores, and the 
numbei of successes on each test, 

These same data are also presented in supplementary Tables 4^7, 
4Z>, 4c“, and 4^/, which summarize related information and indicate 
the following results. 

1 The average mental age'* of the idiot group on the Gescll scale 
is 30 months, while that of the normal infant group is 31 months 
(Table \a) This indicates a lelative equality between the two 
groups on this scale as compaicd with a six-months^ superiority of the 
normal infant group on the Kuhlmann-Binet scale This equalizing 
was the lesult of a diop in the scores of the normal infant group 
and was accompanied by idatively little change in the scoics of the 
idiot group Such results suggest that the Gesell scale was i datively 
more difficult for this group of normal infants than was the Kulil- 
manii-Binet scale 

2 The scores on the four categories within the Gescll scale 
(Table 4n) show a diffeicntial difficulty of as much as twelve 
months among idiot subjects and one oi two months among normal 
infants, The greatest deficiency for the idiots is in language ability, 
while their best scoie falls in the group termed peisonal-social 
behavior. 


®See footnote 2. 

Tlie final Gesell score is an averae;e of the estimated categorical scores 
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TABLE 4/z 

Average Group Scores in the Four Categories of Behavior 
AND ON THE ENTIRE ScALB 




Scores in months 



M 

L 

A. 

PS 

Av 

Idiot group 

Normal infant 

32 

23 

30 

35 

30 

group 

30 

30 

32 

32 

31 


M—'motor ability, L—language ability. A—adaptive behavior PS — 
personni-social behavior. 


This under-developmeni: of language is relatively consistent in 
the idiot group, Table which gives relative ranking of indi¬ 
vidual subjects in the four categories, shows that ten of the idiot 
subjects rank lowest in language, while only five of the normal 
infants do likewise Returning to the complete data (Table 4), it 
will be noted that in practically cveiy case the difference between 
the scores of the various categories for normal infants is slight as 
compared with the diffcience in the scores of the idiot subjects. 


TABLE 

Relative Rank of the Individual Sudjects op Both Groups 
IN THE Four Categories 


Idiots Infants 


Name 

M 

L 

A 

PS 

Name 

M 

L 

A 

PS 

Johnny 

4 

1 

2 

3 

Neai 

3 

2 

2 

1 

Hariy 

2 

1 

3 

4 

Richard 

2 

Z 

1 

3 

Gus 

3 

1 

2 

3 

Paul 

2 

2 

1 

3 

Timniie 

3 

1 

2 

4 

Eddie 

3 

1 

2 

3 

Buster 

2 

1 

2 

3 

Bobby 

I 

1 

2 

3 

Sammie 

4 

1 

2 

3 

Norman 

2 

1 

1 

3 

Howard 

4 

1 

2 

3 

Clifford 

3 

1 

1 

2 

Jaelcle 

3 

2 

1 

4 

Raymond 

1 

3 

4 

2 

Carl 

2 

1 

4 

3 

Billy 

3 

I 

4 

2 

Eddie 

1 

3 

2 

3 

Robei t 

1 

4 

3 

2 

Wilhe 

3 

1 

2 

4 

Edwin 

3 

2 

1 

2 

Ned 

2 

1 

3 

4 

Bernnid 

1 

4 

3 

2 
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TABLE 4c 

Avcragc Numder or Ace-Periods ovepi Which the Groups Scattlred 
IN Obtaining Their Scores in Each Category 



M 

L 

A. 

PS 

Av 


Ichot Kioiip 
Normal infant 

1 5 

30 

2.5 

3 5 

26 


group 

1 3 

1 5 

20 

1 S 

\6 



3 As a supplement of this diftcicntial older of difficult}^ between 
the scores of the dilleient catcgoiies there is also obseived a larger 
sutteiing of successes AMthin each category foi the idiot subjects as 
compared with the noima! infants As shown m Table 4rj this 
scattering of the idiot gioup in the different categories langcs from 
1,5 to 3,5 age-pciiods <is compaied with a lange of fiom 1,3 to 2 0 
agc-pcriods for the iioimal intanls 

4 As Ill the tieatment of the Rinct data, we assumed that those 

TABLE 

Tests in Which One Group Evctls the Other hy Three or 
More in Number or Successes 

No Successes 
Idiots Infants 


Motor 


3 yeais 

— Cl eases paper imitatively^ 

9 

5 

3 ycais 
Language 

— draws circle from copy^ 

6 

3 

9 months 

— says 2 woids besides “Dada" and “Mama” 

8 

12 

18 months 

— says 5 or 6 words 

9 

12 

18 months 

— points t«i nose, eyes, or hair 

9 

12 

2 years 

— distinguishes ‘hn” and “nndei” 

3 

6 

2 years 

—-uses simple sentences 

4 

It 

2 yeais 

— names objects 

5 

t2 

3 years 

— uses piono-iins past and pluial 

1 

7 

3 years 

— (Iistm<yiiishes ‘'in” ‘\indei,” and “behind” 

2 

5 

Adaptive 




18 months 

— places curiilai block in foimboaid 

7 

12 

3 years 

— discriminates between 2 short lines 

1 

5 

Personal'Social 



18 months 

— shows dramatic mimiLry m play 

9 

12 

2 years 

— tells expeiiences 

6 

9 

2 years 

— asks for things at table by name 

5 

10 

3 yeais 

— can open door'*^ 

12 

9 

3 years 

— asks questions of ciders 

7 

10 

4 years 

— uses building material constructively'’^ 

5 

1 

4 years 

— buttons clothes'*^ 

4 

0 

5 years 

— puts on hat and coat alone* 

9 

1 
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tests which show a device of differential difficulty such that at least 
thice individuals of one gioup excel the peiformance of the other 
gioup showed a significant diftcicnce Table 4// lists these tests, among 
uhich aie six on which the idiot excels and fifteen on which the 
noimal infant excels* Eight of the fifteen tests favonng the noimnl 
infant aic m the language gioup Fi\e otlicis involve the use of 
language m an adaptive torm, while two involve disci i min at ion 
(differences between two shoit lines, and placing chcular block in 
foimboard). Thiee of the six tests on which the idiots excel may 
depend on tiainmg and experience Among these aie opening a door, 
buttoning clothes, and putting on hat and coat The remaining thiec, 
creasing a paper imitatively, drawing a circle ftom cop 5 ^, and using 
building mateiial, aie tests of manipulation 

These data obtained fiom the Gcsell scale therefore confirm 
the previous suggestions {o) that there is a gieater language handi¬ 
cap among idiots as compaied with infants of approximately the 
same mental level, and {b) that they obtain their scoies fiom a 
widei langc of tests, showing uneven development. Aside from tlie 
confiimatlon of these suggestions, we may add that the idiot gioup 
tends to be most successful m peiformances lequirmg manual ability 
and those which might be considered the lesult of then longer 
years of ttaming It is also evident that on the gross scores of the 
Gesell scale the two gioups weie more nearly equal, having aveiage 
mental ages of 30 and 31 months for the idiots and noimal infants, 
respectively 

Stutsman Senes The idative language deficiency among idiots, 
which had been suggested by the Kuhlmann^Binet data, was con¬ 
firmed appieciably by an anaUsis of the Gesell data. Inasmuch 
as the Stutsman is primarily a senes of performance tests, it was 
expected that it would in like manner shed light on the suggestion of 
manual supeiiority biought foith bv the Gesell data, 

The results on this series of tests is piescnted foi both groups in 
Tabic 5 A mental age scoie is given foi cadi test, and, inasmuch 
as the standaidization vanes, the number of successes latlier than an 
aveiage stoie is given for each subject The numbei of each gioup 
succeeding and the median scoics of this number aie given foi each 
test Analysis of these data show the following lesults 

L The number of idiot subjects succeeding on each of the 16 
performance tests either equalled or exceeded the numbci of sue- 
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among tlie noimal infants* They asked questions about objects in 
the room, and talked about the test as they woiked The idiot 
children, on the othei hand, rarely spoke except when spoken to, 
and seldom displayed any imaginative tendencies with respect to 
the test mateiials 

Tlie normal clnldren seemed to recognize their own limitations 
more quickly than did the idiot children Once having found a 
task too difficult, no amount of urging could persuade them to con- 
tinue their efforts The idiot child, howevei, could often be urged 
to continue trying regardless of the apparent futility of his efforts 
This may be an indication either of superior self-criticism among 
the noimal childlen, or of impatience to proceed to the next task. 
There is, of course, no means of ascertaining whether or not those 
childien who gave up could have succeeded with continued eftoit 

General Conclusions 

The final results on the three scales tended, on the whole, to sup^ 
plement and confirm each other, although, due to the difference in 
emphasis, there was a disparity in the respective group scores Analy¬ 
sis of the data yields the following conclusions. 

1 Tlie Kuhlmann-Bmet favored the normal infants, who ob¬ 
tained an average mental age of 37 months and a range of from 20 
to 60 months, while the average age of the idiot children on this 
scale was only 31 months, with a range of from 19 to 38 months. 
The Gesell score averages were 30 and 31 months, with the range 
for the idiot group from IS to 45 months and for the normal infants 
from 20 to 45. On this scale the gross scores approximated equality. 
On the third scale, the Stutsman, the idiot group displayed a marked 
superioiity in the performance tests, both in number of children pass¬ 
ing the tests and in the scores obtained 

2. Scattering of abilities among the subjects of the idiot group 
was evident fiom the three sets of data, Even on those tests in which 
the results were comparable, an analysis indicated that the idiot child 
obtained his score from a wider range of tests than did the normal 
infant The Gesell scale was the most satisfactory m exposing the 
special abilities and disabilities which accounted for the child's score. 
The categorical division of this scale into motoi abilitv, language 
ability, adaptive behavor, and personal-social behavior, made possible a 
numerical score in each division These scores displayed a decided 
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disability in language among the idiot subjects and a slight supeiioi- 
itv in tests involving manipulatory skill 

3 Language disability among the idiot group was fiiithcr home 
out by the Kuhlmann-Binct, on which the first failures weie on tests 
of this nature The four Stutsman language tests also show an in- 
ferioiitv of the idiot group which tends to confirm this particular 
deficiency It must be pointed out, however, that this shortcoming 
m the development of language is more serious with respect to verbal 
expression than to comprehension In the latter the idiot childlen 
are piactically equal with the normal infants of the same mental age 

4 Manual supcnority of the idiot children is most clearly illus¬ 
trated by the Stutsman petformance tests. Rapport, compreUensiorv 
of instructions, and dexteiity in handling the mateiials, all contributed 
to their gieater success on this tvpc of test This is also confirmed 
by analysis of the type of tests passed and failed throughout the Gesell 
and Kuhlmann-Binet scales 


Summary 

1 Twelve idiot boys with life ages from 8 to 15 years and men¬ 
tal ages fiom 19 to* 38 months were compared with twelve normal 
infant boys with life ages from 19 to 38 months. 

2* The comparison was made by means of three genetic age 
scales, the Kuhlmann-Binet, the Gesell normative summaries, and 
the Stutsman senes These tests were administered to each group 
and the results compared primarily with respect to the qualitative 
reactions in tests within the scale but also with respect to the gross 
scores 

3 The results were as follows 

a The idiot children displayed inferiority on the Kuhlmann- 
Binet scale, showing a special disability on language tests 

b. There was equality in the gross scores of the Gesell norma¬ 
tive summaries, but a much greater spread of abilities among idiots 
than among normal infants The idiot childlen showed a deficiency 
in language and a slight supcnority in tests which may be attributed 
to training and experience. 

c The idiot children were very much superior to the normal 
infants on the performance tests of the Stutsman senes, revealing 
grcatei manual dexteiity 

4 From these results the following conclusions were drawn, 

a Although gross scores are compaiable, the idiot obtains his 
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scoie from a widci lange of tests than the normal infant, theieby 
levcaling a gieatei spread of abilities 

h. Language fails to develop among idiot children in ielation 
to then othci abilities, Altliough they surpass the noimal infant 
group in ceitain lespects* they lemaiii infciioi in language ability 
c The manual supeiioilty of idiot children leads to the ex¬ 
pectation of tiaining possibilities which have alieady been demon' 
strated in the tiaining of chiklieii of tins giade of disability 
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L'INTELLIGENCE COMPARATIVE DES IDIOTS ET DES ENFANTS 

NORMAUX 

(Resiim6) 

Trois mesurea de premier developpement ment.il, c’est-?i-duc, la Kiihl- 
mann-Binct, Ics “normative siimmaiics“ Gesell, et la S6rie dc Testa 
d’Bxecution Stutsman ont etc employees avec deux gioupes de siijets dont 
(1) doiize gardens idiots ages mentalemcnt seloii Kuhlmann-Binet de 19 k 
38 mois (ages physiques de 8 ^ 15 ans), et (2) doiize gargons noimaux 
ages de 19 38 mois 

Les resultats bruts out monti^ que les enfants idiots sont infdriciirs avec 
le Kuhlmnnn-Binet, egaiix avec le Gesell, ct supcrieiirs avee le Stutsman 
au groupe des enfants normaux ^analyse qualitative des tests individuels 
de chaqiie cchelle a montre chez les idiots une infeuorit6 frappante dons les 
tests de langagc, et une siipirionte dans ies tests qui exigent Phabilet6 
manuclle et dependent dii developpement inoteur, Pcntralncment et Inex¬ 
perience moteiirs On a trouve aiissi une pins giandc vauation de capacitis 
par mi les idiots 
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Selon ccb icsultats il senihlc t|u*iiii ictaicl sericiix de I'acci oisscment de 
rinteJligence soit le plus evident dans lc8 fonctions du langage et que Ics 
aiTties capacitcs contmuent a se dcveloppci comme fonctions de matinite 
et de l<i cooidination motuce Cependant il y a uii degre reinniquable de 
similaiite dans les capacitcs rncntales do idiots adolescents compares mix 
bebes normaux [aquclle suggeie que Fidiotie soit esseiitiellemciit iin letard 
dc la cnpacitc incnlale gciieiale En vne de la rapidite de I'accroissement 
mental chez les enfants noimaiix compaies a la condition mentale lelative- 
ment statiqiie deg idiots, les etudes cxpciimentales de ccu\-ci soul T^qiiiva- 
Icnt de la psychogentse de ^‘motion knte ” En vue dcs siinilaiiUs mentales 
des deux groupes ceci cst de ia pHis grande valeiir poui line iiicillcuic 
compiehension de Tontogcnie mentale noimalc 

Aldrich ltDoii 


RELATIVE INTELLIGENZ VON IDIOTEN UND NORMALEN 
KLEINKINDERN 
(Rcferat) 

Es wiirrien diei Massstahe dei tiiilicn geistigen Entwickliing, —nament- 
hch die Kiihlmann-Bmet Tests, die noimativen Zusammenfassungen {“norm¬ 
ative siimmaues’') von Gesell, und die 1 atseiie (“Peiformance Senes") 
von Stutsman, angewaiidt an /wci Giiippen von Vpp besteliend 1) einer- 
seits aus L2 idiotuschLU Knaben dcren nacU den KuKliwann-Binet ITsts 
eimitteltes geistiges Akei sich zvMschcn 19 und 3S Monaten und deren 
Lebensalter sich zwischen 8 und IS jahren eistieckte, und 2) anderseits 
aus 12 noimalen Knaben deren Lebcnsalter sich ziMschcn 19 und 38 Mona¬ 
ten erstieckte 

In den allgentieinen Ergebmssen erwiestn sich die idiotischcn Kindein im 
Vcrgleich mit den noimalen Kindein in den Kuhlmann-Binet Tests als 
tieleisteliend, in den Gesell tests den normalen glcich, und m den Stutsman 
tests als uberlegen Eine qualitative Analyse der emzelnen Tests aiis jedei 
Seiic cnthulltc hei den idiotischcn Kindern aiisgepiagte Untcrgcbenheit in 
denjenigen Tests welchc Spiachc in Anspruch nahmen und Uberlegeiiheit 
hei Tests welchc Haiulgeschicklichkeit verlaiigten und sich aiit motorisclic 
Entwicklung, Diessieiiing, iind Eifahrung suitzten Die Fahigkeiten dei 
idiotischen Kinder erwiesen aiich eincn weiteien Umfang (“range") 

Alls diesen Eigehnisscn cisclicint es, dass ernste Veiyogeiung iii dei 
EntwicUung dei Intelligent sich am dentUchsten in den Sprnchfunktionen 
zcigt, und dass andere Fahigkeitcn sich als Funktiontn dcr Reifc und dei 
motoiischcn Koordination weiterentvvickcln Es hestcht nichtsdestowenigci 
eine incikwuiduge ahnlichkeit zwischcn den geiatigcn Fahigkeitcn von hci- 
anwachsenden Idioten und denen von noimalen Klcinkindeiib wcichc 
andeutet, dass die Idiotic im Wescntlichtn einc Veizogcrung dei ollge^ 
nieinen geistigeii EntivickUing ist Mit Hiiisicht auf die SchnelligkeiL dci 
geistigcn Entwicklung bei noimalen Kindein in Vergleich nut dem,relativ 
statischen geistigen Ziistand der Idioten kann man expennricntellc Untcr- 
suchungen an Idioten ah das Aquivnlcnt emei langsam foitsclueitciulcii 
(“slow motion") kinematographischcn Schildcmng dcr gcistigen Entwicklung 
betrachten Mit Hinsicht nuf die ahnliclikcitcn zwischen den /wei Giuppeii 
ist eine solche Schildemng von hochstem Werte 7Ui Fordcrung einei hesser- 
en Einsicht in die noimaic gcistige Entwicklung, 

Aidrich und Doll 



ANALYSIS OF METHODS IN HUMAN MAZE 
LEARNING^t 

From the Psychological Laboraiory of the Um^erstty of fFtsconsin 


Richard Wetxington Husband 


Introduction 

Niiincrous studies have been made on various external features of 
learning, especially those aspects of the learning process which may 
be controlled from tho outside. A few illustrations are massed and 
distributed piactice, part and whole, guidance, retention, and trans- 
fer. In comparison with these, the methods by whicli the learnei 
works while at his task have, foi the most pait, been ignored. 
Warden (8) and Perrm (5) have dealt with them in fair detail, 
but the few others who have considered this side of behavior have 
given It only tninor emphasis 

The latter, the internal aspects of the learning process, aie not any 
less important because of not being as self-evident as those features 
which are more leadily conti oiled by an outside person. General 
practice has been to confront the subject with his task with little 
knowledge of what is to be done, and to give him no guidance as to 
the best methods of accomplishing it, in spite of the fact that a 
learner may approach the task in vauous ways entirely apart fiom 
the externally controlled aspects of the work periods, This is the 
pioblem dealt with herc- 

Therc arc several techniques possible for studying the pioeesses 
involved in leainmg and memorization Among these aie acquisition 
of motor skills, prose or poetij^ nonsense syllables, autlimetic, and 
maze learning. Foi several reasons the last named was cliosen as 
the most suitable apparatus The maze gives material of a serial 
and connected nature, it can be constiacted in unlimited combina¬ 
tions,* it provides a situation previously unfamiliar to the Icarnei, 
alternative choices are demanded, and in such a way that recognition 

♦Accepted for publication by Carl Murchison of the Editorial Board and 
received in the Editorial Office July 25, 1930 

tThe writer wishes to express his appreciation to Professor W R Miles, 
under whose guidance this study was carried on at Stanford University 
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plays but little pait, it has a spatial element which is of no great 
consequence m this type of act, but at the same time gives objective 
evidence of what the learner is doing, and, lastly, the learning does 
not take place all at once 

Problem 

The general problem is a study of the methods by which humans 
learn a maze pattern. Some of the exact questions to be considered 
may be stated specifically (/?) Methods' the wiiys in which the 
maze may be learned, then relative efficiencies, the development of 
these methods, and the cftects on the learning pioccss resulting from 
their adoption* {b) Approach, is the method adopted by each sub¬ 
ject natuial to him, or might he use a diftercnt one? (c) Relearn- 
mg aie the methods which were supeiior in the oiiginal learning 
likewise best for purposes of retaining the matenal Icained? {d) 
Length and Difficulty, do the several methods of learning vary in 
efficiency foi tasks of difteient degrees of difficulty^ 

Apparatus and Technique 

The general piocedure followed in this senes of experiments has 
been previously desciibed by the wiitcr (2) and by Miles (4) 
Briefly, the apparatus consisted in a foui section multiple-U high- 
lelief finger maze The unit design followed that of Warden (8), 
while the pattern was built m the Miles wiic-pathway method of 
construction* Each of the foui sections was composed of ten right 
or left turns, and was rendcied distinct fiom the others by means of 
lathci long transveise connecting links fly this aiiangcment, dif¬ 
ferent lengths of pattern could be used as desired 

Subjects weie obtained laigely from elementary classes in 
psycholog 3 ^ Four gioups of 80 each Icaincd one, two, three, and 
four sections. 

Before staitirig to leain, the subject was given a biief explanation 
of the general natuie of maze tasks, and the particular type of con¬ 
struction of this was described To demonstrate, he was allowed to 
feel ovei seveial tin ns of a sample section, with the blindfold in 
place. The blindfold used was that iccomraendecl by Miles (4), 
being a paii of leather goggles with adhesive tape ovci the lenses 
and a sheet of tissue between the leather goggles and the face 

Record was kept of tiials, eiiors, and time. Trials followed each 
otlici in succession until leaining was completed. The criteiion was 
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tluee consecutive enoiless trials, oi thiee out of four perfect 
attempts 

When the cnteiion had been satisfied, questions were asked con¬ 
cerning the subject's method of attacking the pioblem, his piogiess 
of learning, places of special difficulty, and a few other points which 
will be biought out m the discussion 

Results 

The metJiods of Ic.unmg fell into five gioups, as listed just below 
Tliese will late I be refeiicd to bv fiist letters only, to save tabic 
space, Tilt fiist tluee methods imy he considered qualitatively dit- 
feient, becaui^c they involve cniiicly difteicnt piotcduies, The other 
modes of attack aic quantitative variations of these thiee 

(C) Counting, 01 veibal The tums w^eie remembered stnuly 
and accurately, as, foi instance, one nght, thiee lefts, two lights, and 
so on If this method was not staited early in the learning piocess, 
the case was classed clsewhcie 

(M) Motoi Leaining was efifected entirely without an attempt 
to remember the units of the pattein Fust the general directions 
were discoveied, and then moie exact spatial judgments weie 
giadually perfected. The cues w-ere all kmaesthctic and motoi, 
tlieic w’-as practically no conscious eftoit to oiganize the cxpciicnces 
under abstract symbols 

(F) Visual images of the pattern wete occasionally, although 
rathei i a rely, built up 

{Cj J\I 2nd) Counting, with motoi or yisual secondary. In the 
main, the pattein was learned by counting, but some parts were 
learned by otlici means, possibly a few turns in each section, or one 
entire section out of the seveial included in the task, 

Misccllaneoiis methods rveie used by othcis, but tlie groups wcie 
not large enough to be classed separately 

Out of tlie total numhei of 80 in each gioup, the numbers using 
each method on each task were as shown in Table 1. 

The number of subjects who learned b) each method ib very signi¬ 
ficant We see that the counting piocedure (C) includes ncxarly 
half of the total in each gioup, and with this basic method, plus the 
Ube of some moioi elements included, wc find that ovei half of the 
subjects use largely ideational means This number inciea^es in 
the longet patterns, while the motor method (M) is used by feiver 
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TABLE 1 


Number of Subjects LEAHNi^qo ttk Various Methods 






Method 



Sections 


C 


M 

V 

C, M 2nd 

1 


28 


20 

3 

8 

2 


27 


15 

1 

14 

3 


29 


11 

3 

13 

4 


30 


9 

3 

16 

TABLE 2 

Triai^ to Liars 





Method 


Sections 

Av 


C 

M 

V 

C, M 2iid 

1 

16.9 


10 1 

25 8 

IS 0 

16 1 

2 

23.6 


IS I 

34 4 

26.0 

22 7 

3 

26 6 


IS 8 

40 4 

34 7 

23 0 

4 

27 7 


20.4 

412 

197 

25 0 




TABLE 3 




Total Average Errors by Mfthods 






Method 



Sections 

Av 


C 

M 

V 

C, M 2nd 

1 

35 


20 

23 

29 

33 

2 

89 


54 

147 

71 

86 

3 

156 



277 

185 

124 

4 

218 


151 

466 

241 

181 


and fewer as the task becomes longei and moie difficult» The visual 
(V) attack is not piominent in any of the tasks 
Tnah to Learn The trials icquiied to satisfy tiie ciitcrion, both 
as gland ayeiagcs and as scores for the iiscis of the vaiious methods, 
are given in Table 2 Immediately we see tlie advantages of using 
the ideational method of attack, and the general infeiionty of the 
kinacsthetic mode of learning The foimei is consistently at about 
the fiist quartile of the entiie gioup, while the motoi groups aic at 
the thud quaitile. Those learning by visual imageiy are quite vari¬ 
able, all the wav fiorn among the best to the very slow m learning 
Five subjects who faded to learn within two hours were dismissed 
Four of these had been attacking the pioblcm by a motoi method, 
and the other was trjung to use visualization 

It is evident that the difficulty of learning, in this variable at least, 
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does not inciease propoitionately with the length of mateiial to be 
learned 

Enois 

Total The averages foi total errois made duiing the whole 
learning piocess» given in Table 3, show the same general lankings as 
did trials to learn Tile absolute figmes increase much fastei than 
did tiials, since tlic numbei of blinds jnciease in the longer patterns, 
giving chances for moie eiiois, while the tiial score is, of couise, only 
raised by one at a time legaidless of whether one or four sections 
aie being traveiscd AVith this factor held constant, howcvei, the 
agreement with tiials is almost perfect, 

The average total cirois foi the various gioups aie also given 
111 this table, In learning the one section of ten tuins the motor 
method was not much less efficient than some of the others, but with 
longei tasks it pjogicssivcly becomes moie and moie of a liandicap 
to those using it The visual gioups, in spite of the few subjects, 
exhibit legularitv, and aie somewhat inferior to the abstiact learners 
Visuali/^atlon, like the motoi pioceduic, seems to become veiy difficult 
in the longei tasks The methods which were paitly counting, but 
not wholly so, fall considerably behind those using that method 
alone. The extent appears (from data not presented here) to be 
loughlv piopoitional to the presence of elements othei than ideational. 

All in all, we find the error scoics to very closely resemble those 
of trials to leain in dillercntiating the vaiious metJiods, in propor¬ 
tions, and in separating the tasks into their various dcgiecs of diffi¬ 
culty 

Eiroi ciirvei Ate the scoies for the various methods similar, 
so that one is consistently and piopoitionately inferioi or supciior 
to a second, oi does this difference change as trials go on ? The four 
groups of curves in Figuie 1 show the progicss of learning for those 
using the counting and motor attacks, as well as the geneial aver¬ 
ages. In otdei to poitray accuiately improvement in equal incre¬ 
ments the error scores wcie plotted on a logaiithmic basis. Thus 
a perfectly stiaight line would repiescnt steady piogiess 

Due to the usual minor disciepancies, no group made absolutely 
consistent pi ogress, hut the best possible line was diawn through 
each set of points, In a few cases tins line has a slight angle in It, 
The gioups using the two principal methods have lines with diffei- 
ent slopes, those who counted making pi ogress about twice as lapidly 
as those leaining by kinaesthetic means These, and cuives for the 
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totnl numbers, show piogiess as given in Table 4. The lines foi 
the avciage peifoimances he between those for the discrete groups, 
as might be expected from othei data which have been presented. 
The proportional sepaiation possibly increases sliglitly with increase 
in difficulty of task. 

Individual eiiors. All choices in the maze weie to the right 
or to the left, and ariangcd to make the pattern as homogeneous 



FIGURE I 

Curves for the Entire Group and for Those Learning dy Counting and 
Motor Methods 
A, One Section 
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TABLE 4 

Number of Trials to Halve Error Scores 


Sections 

Av 

Method 

C 

M 

I 

40 

27 

7,0 

2 

61 

40 

10.5 

3 

75 

49 

168 

4 

70 

50 

13 0 
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FIGURE 1 {conlnined) 
B. Two Sections 
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as possible, and to nimimize position cues Thus, theoictically, one 
blind should oftei about the same difficultv as aiiothci But the 
results proved this to be far from true 

The foimci leport (2) discussed this matter at gieatci length 
and analyzed these diffcienccs. Howevei, a few of the more im- 
poitant points will be briefly cnumeiated hcie (a) The last two 
sections pioved to be casiei to learn than the fiist two, hence fewer 
total eiiors weie made on them (b) The outstanding point with 
legaid to individual eirois was the steady pi egression oi inciease in 
a sequence. Thus, wheie there ate thicc turns in the same direction, 
as m Alleys 3, 5, and 7, there will be more enois made on 5 than on 
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3, and still more on 7, but veiy few on 9, wlucli breaks the sequence 
and goes tlie other way. (c) A turn is often taken out of its place, 
i.e., anticipating one that follows latei. 

Eriois are> of couisc, abstiactions, and may mean little by them¬ 
selves, but aftei inspecting the averages we may sec how the use 
of different methods affects tiiem. In Figure 2 aic given the aver¬ 
ages foi each alley foi the full number of subjects, and for the count 
and motor gioups, the figures for all sections and tasks being added 
together (a) The total number of errors made by motor learners 



FIGURE 1 {co7fii7iued) 
D Four Sections 
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on each blind is much gieater than that shown by counting gioups 
in geneial, although fewer in some cases, (i>) In a break after a 
sequence the enois foi the motoi gioup aic noticeably fewer, (e) 
Motoi subjects make propoitionatcly moic eriois m a sequence, the 
third membeis being particularly laige. Many subjects who counted 
the turns found a long sequence, after it was once discovered, an 
aid lather than a point of difficulty in learning 

Peisistent €}iQ}$ Almost all subjects made enors on certain 
alleys for several tiials in succession Such behavior was far mote 
chaiacteiistic of the motoi attack than of a counting method. Ei- 
lois on five successive trials weie made about three times as fic- 
qucntly by those using kinacsthetic attacks as by those employing 
abstiact pioceduies. As many as 10 and even occasionally 20 eirois 
in consecutive trials on the same blind weic not uncommon foi 
motor learners, but were i a rely found in the otliei group, 

ConecUons All types of change of diiection, ending light oi 
wrong, predominate in the first ten trials, which would seem to in¬ 
dicate that change was moie from indecision or doubt than fiom 
real knowledge Motor subjects made far more collections than 
those learning by an abstract pioceduie The vcibal subjects, then, 
appeal to attack the problem m a moie diiect and decisive manner 
Further, the kinacsthetic learners weie also moie inaccurate m their 
coriections, only slightly ovei half the changes preventing an erior, 
while tbj ee-fourths of those on the pa it of the /ibstiact lemncis 
were concct. Hesitation usually implies thinking the pattern over 
Motor subjects exhibited this tendency veiv little, less than half as 
many instances being lecoided as for the counting group In con- 
tiast to collections, it was noticed that the occuncncc of hesitation 
seemed to increase with peifection of learning up to a ceitain point, 
when the leainer became moie sine of his knowledge of the pattern. 

Scoics It is in lime scoies that we might expect excep¬ 
tions to the very consistent lesults so far shown The general featuics 
of the two mam methods of learning picsent a contrast, the counting 
method being slow, deliberate, ideational, and lequiring few trials, 
while the motor attack is hasty, lathei caicless, with little conscious 
thought, and requiies many tiials, each of which is of short duiation 
Table 5 gives the aveiages of total time consumed in learning the 
diffeient patterns. In the more difficult tasks there is an increase 
which IS somewhat more rapid than the increase m length of pat¬ 
tern, just as was found with eiiors The latios are very close to 
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TABLE 5 

Average Timp in Seconds Required ro Llarn 


Section 9 

Av 

C 

Method 

M 

V 

C; M 2ncl 

1 

528 

358 

802 

505 

542 

2 

1438 

1102 

1972 

1401 

1445 

3 

2423 

1822 

2913 

37S5 

2014 

4 

3150 

2523 

4066 

1954 

2707 


those of the otliei vaiiables, althoupjh the agicemcnt is not quite so 
good as that between tiials and ciiois 

In companng the vauous metliods of learning, the counting ap' 
pioach again shows considerable superiority, the motoi subjects re- 
quiiing on the avciage almost twice as long to leain, in spite of the 
much moie lapid pace set in each tiiah Those using the visual 
method were too van able to gcncialiite from the figures 

Tlic lesults arc fat moie iircgulai than was tlie case with either 
trials 01 eiiois. However, when companions aie made between the 
two mam gioups, the conclusions tend to agicc with the formei re¬ 
sults ) 

A fact which might somewhat nauow down the difference between 
these two gioups is that the abstiact learneis took more time between 
tiials to rest oi to think ovei the pattcin. In contrast to this, the 
motor Icaineis were very impulsive, beginning the next trial as soon 
as one was concluded This matter is difficult oi impossible to meas- 
uie, however 

A change of method is fiequcntly disclosed by inspection of time 
lecoids, A subject may be making tiials in faiily fast time, but on 
a certain tiial is extiemcly slow, aftei which eiior scores are mateii- 
allv reduced. This shows a change from a hasty method, usually 
motor, to a carefully applied idefitional attack. 

Ordet of Leanwiff. There is so much individual vailation m 
order of learning that ticnds aic largely ohscuicd In gcncial, the 
fiist section is learned earliest Beyond this thcie is doubt, some 
figures point toward a piogrcssivc ordci, while otliers indicate that 
the last section is learned next, and the inside ones last Further¬ 
more, there is a countci-tendency foi the easy sections to be learned 
eaily rcgaidless of whcic they aic in the maze, although the position 
does influence the extent of tins tendency 
These divergences are explained by the fact that subjects who 
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used ideational hiethods tend to leatn the sections as they come to 
them, the initial one first* etc , while the motor learners learn more 
in order of ease of the individual sections. 

Relation with Intelligence. Ho^Y much of an index of general 
ability is the behavior in a learning situation of this type ? Obviously, 
not too high correlations aie to be expected, since at best this act can 
be rcgaided as only one test in a battery, and so not peifcctly indi¬ 
cative of the whole level of ability, 

Intelligence scoies were available foi about twO'tbirds of the 
total number, The coriclations aic given m Table 6. In each group 
the first figure denotes coiielation with the total number included, 
the second and thiid coefficients arc foi those in the count and motor 
gioups, respectively ''X'" signifies too few cases to make satisfactoi- 
ily reliable figuies, 

These figuies wcic considerably lowci than had been expected 
What was most suipiising was tliat the two easiest tasks uniformly 
correlated higher with intelligence than the more difficult ones, It 
seems faiily reasonable that the low coefficients for the entire gioups 
are largely due to the disparity in methods by which subjects learn. 
Following from this, a probable explanation of the low correlations 
in the moie difficult tasks is that the two methods were more thor¬ 
oughly differentiated than in the easier problems, making a sort 
of bimodal distribution in the con elation plots When subjects, all 
of whom learned the same way, are segregated, the coefficients arc 
raised mateiially, in spite of the theoietical possibility of lowering 
the figures by using a more homogeneous group in each case Pos¬ 
sibly in this way we get lesults much closer to the real learning abil¬ 
ity, There is also shown some tendency toward increase of corre¬ 
lation With difficulty of the task. 

What little diffeience does exist in the avciage intelligence scores 
of those learning by different methods favors those using an abstract 


TABLE 6 

Correlations of Maze Performance with Intelligence Scores 


Sections 

Av 

Trials 

C 

M 

Av. 

Errors 

C 

M 

Av 

Time 

C 

M 

1 

,37 

.60 

18 

33 

,60 

,13 

,43 

.82 

41 

2 

45 

.05 

' X 

38 

29 

X 

59 


X 

3 


29 

,78 

08 

49 

,78 

,22 

61 


+ 

,19 

46 


12 

38 



32 

80 
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pioccduie Howevei, all means are within a fi action of a stand aid 
deviation of eacli otliei» and the piobabihties of the diffeiences being 
significant are barely beyond chance. 

Relmbdities. The leliabilitics of the maze patterns, as computed 
by the odd-even enor method, using data fiom the sixth through the 
fifteenth trial, range fiom .84 to 95, with the longer patterns having 
the higher coefficients, as might be expected These figuics aie veiy 
satlsfactoiy and guarantee accuiate results There arc no appre¬ 
ciable differences between the pcisons learning by the counting and 
by the motoi methods, 

Transfer 

For several reasons it was decided to test the learning of a second 
pattern (a) to sec how much actual impiovcmcnt in scores would 
be shown; (b) to discovei if the methods would remain the same, 
01 whethei subjects might adopt moic efficient methods aftci having 
learned one pattern bv what possibly might be teimed their “natural*' 
method, (c) geneial vs specific tiansfcr, two types of mazes, one 
similar to the first, and the othei employing different cues, were used 
The former is termed Section V, and is a lugh relief maze of ten 
turns with a new pattern; while the latter is a stylus maze, the pat¬ 
tern being that of Section I of the large maze 
Twenty-four subjects out of the group of 80 which learned thiee 
sections of the fingei maze were asked, after flmslung, to learn Section 
V. Twenty more subjects leained the Section V first and the stylus 
maze second, Thus the second group acted as controls for the first, in 
that they leained Section V as a pioblem entiiely new The stylus 
group had as then contiols an additional gioup of 20 who learned 
this maze as a sepaiate and original task 
The same iostiuctions and conduct of testing as in other parts 
of the study were obscived here. 

Geveial Results Summaiy of the results is given in Table 7 
The fiist fact evident is that far more profit is derived when the 
learner passes on to an identical task than to one that is somewhat 
diffeient. The savings in trials, errors, and time are largely in agice¬ 
ment, there always being more saved when tiansfer is to a pattern 
of identical constiuction. 

As to individual errors, the effect of sequences still seems to operate 
on the second pattern, but to a decieased extent 

Eifect of Tiansfer on A<[etbods Arc moie efficient methods used 
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TABLE 7 

ErrrcTS or Transper, or Practice 


Task 

Trials 

Eiiors 

Tune 

V first 

15 S 

29 S 

S60 

V second 

72 

114 

1S7 

Stylus fiist 

23 1 

54 3 

736 

Stylus second 

16 3 

33 6 

554 


on a second problem^ The counting and motor methods, as used 
in pure form, gain m numbers over the othei means of learning on 
the second test Fiiither, moie change to the verbal group tlian to 
the motoi—a less efflaent—method As to quality of peifoimance, 
the pure motoi learneis profited mote in absolute figures by having 
already learned one maze than did the puie countcis, hut of couise 
theic existed moae room for impiovcmcnt m the former 

In going to a new pattcin the attack on the problem seemed dnect 
and efficient. But m changing to a stylus task fiom a finger pei- 
foimancc a new oiientation had to be made, m spite of the fact that 
the shape of the blinds and the general mannci of constiuctfon of 
the two mazes, aside from the subject’s means of contact* weie iden¬ 
tical In fact, learning on this pattern was only a third bettei than 
the scores of subjects who learned this maze with no previous maze 
practice And the improvement was only approximately a third 
of that made in transferring to an identical task 

Retention 

Another fundamental question is whethci fewei repetitions by 
a highly abstract method will bring about learning as pcimanent 
as that of a motor subject who has gone ovci the pathways many 
moic times in the original learning peiiod, 

A total of 21 subjects fiom the gioup leammg the two-scction 
patterns were tested foi letcntion after a lapse of a week, Tliesc 
weie selected from the whole gioup because of having used ccitain 
typical methods About two-thirds of this gioup originally learned 
eithei by puie count or puic motor means After finishing the oiigi- 
nal learning, the subjects were not allowed to see the pattern, but 
the panel was tuined over while they wcie telling how they had 
learned. If the method tuined out to be suitable for purposes of 
the retention test, they were asked to come back just a week from 
that hour learn another maze, which will piobably take not more 
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tlian a thud the time it took to leain this one/* Tlie expeiimenter 
was thus careful to avoid the impiession that they were to iclcarn 
the same maze 

The geneial summaiy of results of this expciimerit is given in 
Table 8 Figuies for the methods less frequently used arc omitted, 
as there wcie too few in these groups foi reliability. The majoiity 


TABLE 8 

Summary or Learning and Relearning 




Av 

C 

M 

1 

Niimbeia 

Lcaining 

21 

8 

5 


Relearning 

21 

10 

6 

2 

Tiials 

Learning 

24 2 

13 4 

43 8 


Relearning 

82 

54 

14 2 

3 

Erroi s 

Learning 

93 

49 

177 


Relearning 

12 

5 

29 

4. 

Time 

Learning 

1448 

1088 

^340 


Releaining 

329 

264 

472 


of subjects used the same methods in the letention test as in the 
oiigmal learning, exactly two thirds of the gioiip being so recoidcd. 
As in the transfer experiment, changes wcic toward more pure 
methods, and moie shifts were to a veibal method than to the less 
efficient motor attack 

A great saving is seen in all three scoies We see that the counting 
subjects saved even moie ovei the motor learners in the leleaining 
than in the fiist test, especially when the last tliicc pci feet trials 
(which play no pait in the actual learning) are not counted In 
this case the law of ficquency, which is usually invoked as the chief 
deteimmei of learning, is decidedly violated 

The fiequency of individual eriors lesembled vciy closely that 
of the original learning. The alleys which gave the most trouble 
in the first peiiod invaiiably cropped out in the ictention test How¬ 
ever, in comparison with the original the small numbci of errors 
made in the second test is outstanding. 

In geneial, the amount of saving was suipusing both to the ex- 
perimentei and to tlie subjects themselves Many, when told that 
their task was to lelcarn the pattein, rcmaiked that they would leally 
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have to begin aU over again, as they couJd not remembej a single 
thing But, once staitcd on the pathway, it seemed to come back 
piece by piece, veiy few mistakes being made even on the first tiial. 

Discussion and Interpretation 

In the first place, this study has demonstrated the need of con- 
tiolling the appioacli oi method of attack of the subject to a learning 
problem 

As was pointed out in the intioduction, there has been a good deal 
of attention paid to the objective oi outside contioiled conditions of 
Icaining, such as houis of study, part-whole, oi massed-distnbutcd 
piaciice, but tlie manner in which the leainei goes about his task 
has been given less attention 

Probably tliere are two main reasons wliy subjective attitudes have 
been neglected in studies of learning* (rz) the assumption that methods 
aie sufficiently alike to be ignoied, and {b) the assumption that 
various approaches to a problem are natural to the subjects and that 
nothing can be done'about them in a constiuctivc way. 

The fiist assumption in this case appears invalid, as evidenced by 
the list of methods and the numbeis using each, given in Table 1. As 
evidence that the second possibility also is fallacious wc have seen 
that changes of method occui during learning and in learning a second 
pattern Besides, there seemed to be no types of individuals wlio 
univcisally fell into certain methods of leaining Fuithcr, we liope 
to show (3) that comparable groups behave differently when con- 
floated by maze patterns of slightly different construction As a re¬ 
sult, ihe writer feels that change of method is peifectly possible and 
practical. However, within the scope of the picsent study, no coach¬ 
ing was attempted to see if those who had nevei learned any maze 
could all profitably use a certain method. Many subjects stated tliat 
they should have counted more accuiately, or staitecl earliei, thus 
making a spontaneous declaration that they could use othci methods. 

PiOper contiol and coaching would eliminate much of this wasted 
effort, which lesults eithei in eventual discard of the original method 
for one which might just as well have been adopted at the outset, or 
else hi pool efficiency all the wav through the lea in mg peiiod. Even 
the method which was found to be best, counting, was not perfectly 
applied by all who used it as a fundamental means of learning. 

Much of the high variability which has always characterized maze 
lesuUs was found to be due to the many different methods used in 
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learning, Standaid deviations are usually between a quaitci and a 
half the size of their means. Each method^ as employed hy different 
learners, has its own mean, with eases clustered about it I'herc is, 
of couise, a ceitain amount of oveilapping with othci groups* When 
we combine all the gioups into one distiibution there is bound to be 
a wide scatteiing Corielations of perfoimance witli intelligence 
were also lowered by the disciepancy of methods, Order of leainmg 
also was seen to be somewhat confused by conflicting elements in the 
situation, 

In brief, the outstanding diftcicnees between the two chief methods 
of kauung aie as follows; In teims of general efficiency the abstract 
method is superiot It is also chaiactcuzcd bv its smooth and de¬ 
cisive action, while the person using the motor attack is veiy lapid 
and impulsive. Motor Icarneis tended to altcinatc thcii choices, 
and so weie gieatly tioublcd on sequences of scveial turns m the 
same dnection, while this did not bothci those using a veibal pio- 
ccduie 

Comparisons with othci expciiments on the same topic but with 
different apparatuses aie rather difficult, because different levels of 
behavloi are involved. 

Swift (7), in studying ball tossing, found that methods weie un¬ 
consciously selected The act is a motor skill, lathei than one de¬ 
manding ideational procedure, so the differences are not necessarily 
antagonistic to the results found heie, Renshaw and Postle (6) 
divided subjects in a puisuit test into three gioups, (^ 7 ) uninstructed, 
{b) given general piinciples of action, and (c) taught in minute 
detail the best piocediircs The lattei group fell fai behind the 
fiist two, which made about equal progicss. 

Gilbreth (1) has devised standauhzcd operations in a number of 
occupations and thereby gieatly increased efficiency; these may be 
considered along the same geneial line as tlic e-^peiiments discussed 
here. He assumed, it may be noted, that methods could be changed 
for the better. 

Summary 

1 The geneial purpose of this investigation was to study methods 
of learning To do this the following expciiments were made; 
four gioups, each of 80, learned respectively one, two, thiee, and 
foui ten-tiun sections of a high lelief maze with U-shaped blinds, 
two gioups of 20 and 24 subjects weic tested foi tiansfer, and 21 
subjects were tested for ictention. 
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2. Theie weie found to be three qualitative methods of leainmg* 
verbal, visual, and motoi; and diffeient quantitative vauatioiis and 
combinations fiom these. Vciy few subjects weie found to be m the 
visual class, and no great number was m any gioup using the mixed 
methods. 

3. The motoi approach was csj^ecially inefficient, while the count¬ 
ing method was by far the most supeiior Those using the visual 
attack were highly variable m efficiency, being subject to gi eat indi¬ 
vidual vaiiation. The mixed methods ranked somcwheie between 
the main methods fiom which they were vailations The different 
scoies (tiials, enois, and time) agreed closely with each other in 
1 an king the methods as indicated above. There was slightly less 
diffeiencc m time than in the othci vaiiablcs, since the two most fre¬ 
quently used methods (veibal and motoi) piesented a marked con¬ 
trast in tins lespcct the abstiact leainci proceeded veiy slowly and 
methodically, while the individual who attacked the problem in a 
kinacstlietic mannci set a fast pace, and thought and planned vciy 
little Tins 1 elation between these two methods cauied over into a 
new task (tiansfcr) and in relcaining after a peiiod of no practice. 

4. The use of diffeient methods was found to account foi high 
Variability in semes, low coiiclaiions between perfoimancc and in¬ 
telligence, and the complex trends in older of learning 

5 Methods are not invaliable, as shown by changes duiing leain- 
ing, diffeient methods being used in learning a second pattern, and 
different proiioitions of these methods appealing m tasks with differ¬ 
ent types of mazes. 

6 On the basis of these results it is urged that coaching be prac¬ 
ticed, learners being instructed in the best pioccduies before work 
15 staited, in oidei to avoid much waste in trial-and-crroi attack at 
the beginning of leaining. 
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L’ANALYSE DES MI^THODES DANS L’APPRENTISSAGE DU 
LABYRINTHE PAR LES RTRES IIUMAINS 
(R68ume) 

On a fait cette ^tiide dans Ic but de decouvnr et d'6valiier les diff^ientes 
approches mteiieuics h I’appicntissage, contiasteca aux facteurs exteneura, 
tela quG Jes heures d’^tnde, Icsqiicis peuvent etie controlcs pai vine nutie 
personne On a choisi Ic labyiinthe comme le meiHciu apparcil pour 
rdtude de ce probleme* On a employe plus de 400 etiidiants iiniveiaitaires 
comme siijet^i Icsquels ont nppiis des Inbyrinthcs de diverses longueurs, ct 
dans diverses conditions 

On a trouvi qu’il y a cn trois metlmdes principiilcs pour Ic coininencement 
de la tQchc par les snjets les m^thodes verbnle, inotrlce, et visiicllc Plus 
que la moiti6 d\i grovipe ont employe dea processus verbaux cn quelqvie 
forme ou autre, tres pen en ont lesolu le probleme par les representations 
vibiielles La metliode vcrbale s’est montrec d^nnitivcinent la mcilleurc 
methode dbittaque, mcsurce pai tous les trois lesultats—cssais, ciriciiis, et 
diirde Plus la tache est de venue clifTicile, plus les m^thodes ont ith dilTer- 
entes en teimes de I'eflicacite Plus d^erreurs persistentcs se sont rnontrecs 
avec Tattaqiie motnee, qui a 6te essentielicment ime methode inconsciente 
d’apprentlsaage, tandn que cciix qui ont employe dca suggestions verbalcs 
ont pu triis vitc lein^dier ii leuis cireiirs 

Les correlations du leiulement dans le labynjithc avec rintclligcncc n’ont 
6te que moyennes, ce qui a ete dii en giandc partie au fajt que I'cmploi tics 
dirterents processus de I’apprentiasage a cree une soitc de bi-modabt^ Lc 
tiansfeit h un labyrinthc semblabic a piodint line konomie d’environ lea 
deux tiers du temps neccssaire pour apprendie le premiei, tandis q\Vil 
a eu une economic qne d’environ iin quart de la premiere durde quand le 
deiixi^me labyrinthc a 6t6 tres different. Ceiix qui ont appns premiere men t 
par la methode verbale sc sont lappcle plus npiiis un delai de huit jours 
que ceux qui ont employe une attaque kincstcsiqiic ou motnee, malgr^ le 
fait qu’ils nvaient eu moms de pratique dans In piemiere p6riodc de Pap- 
prentissage 

L’auteur est certain que lea mithodes ne sont paa fixea, ou uniques die? 
I’lndividii, et lecommande done qu'on enseignc h ceux cjui apprennent la 
methode mterieuic. ou subicctivc, d'attaquer un probleme nusii bien que 
les methodes plus objectives 
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ANALYSE DER MENSCHLICHEN LERNMETHODEN BEIM 
ERLERNEN EINES LABYRINTHES 
(Refcrat) 

Ea war daa Ziel dieser Untersiichung, die vcrschiedenen innerhchen 
Annaheiiingaweiseri dem Leinen gcgenubei, >m Gcgcnsau zu den aqaser- 
lichen Bedingiingen, —ZM und Zeit dei Studieraumden us^w, ^die diircli 
Jemand andercm bcatimmt wciden Lonncn festzustellen und abzuwagen 
Daa Labyiinth wmde als cl ns beste Appaiat ziii Unteisuchung dieses 
Gegenstandes gewalilt» als Yersuchspersoncn dienten im Ganzen iibcr 400 
Stiidcnten welchc LabynnLhe von veischieden Lftngen unter verschiedcnen 
Umstandcn erlernten 

Es ergab sich, dm die Vpp bci dcr Arbeit diet pimzipiellc Metlioden 
gebiaiichten, —die sprnchhcKc, die motonschc, und die visiielle Mehr aU 
die hfilfte dcr ganzen Gruppe gebiauchten sprachliche Veifahreii irgend 
emer Ait, nur Wcnige losten die Anfgabe raittels visueller Vorsteilungs- 
bihlei (“visual images”) Die spiacliliche (“verbal”) Methode ciwics slch 
als be! Weitcm die bestf Angriffsmethode Das zeigten alle diei Abschat' 
zungsweisen^ ZakI der VersucliCj Zahl dci Fehleij und Zcitgebrauch, Je 
schwienger die Aiifgahe wurde destci klarer zeigten sick die Unters^hicde 
zwischen den veischicdenen Methoden in Being auf doien Wirksamkeit 
Hartnackige Fcklei zeigten sick mckr bei dei motoiisclicn AngnlTsweise, 
wclche im Wcsentlichcn cine unbewiisste (“unconscious”) Lernmetkode wai, 
wahrend diejenen, die sprachliche Wcisungen gebrauchten ilue Fehlei rasch 
korngieren konnten 

Die Korrelationen zwischen Leistungcn an dtm Labyrinth und Intclligenz 
waren von bloss mittclmassiger (“fair”) Hohe, itn Wesentlichcn wed der 
Gebraiich von vetschicdenen Lernveifahien cine Alt Doppelmodalitat (“bi- 
modaluy”) erzeugte Der Obergang 711 cmem ahnlichen Labyunth ermog- 
lichte ein Ersparniss von etwa 2/3 der ziim Erlerncn dcs ersten Laby- 
rinthes n^tigc Zeit, wahrend wenn das vweite Labyunth ^icmlich verschie- 
den war nur ctwa 1/4 del uispuingUchen Zeit erspart weiden konnte Die 
Vpp» die nrsprnnglich mit verbalem Verfaluen Itrntcn hatten cine Woche 
spater viel melir behalten wie diejenc, die eine kinestketische oder einc 
raotonsche Anguffswenc gebiauchten, obvvohl die Ersten in der ersten 
Leinpenode weniger Obung gehabt hatten 

Es scheint dem Verfasscr ah sicher, dass Lernmethoden nicht festgesetzt 
und nicht bei jedem Individuum emzigartlg sind, und er empfehlt deshalb 
an, dass Lerner auch in Beziig auf die mnere oder subjektive Angiiffsweise 
einer Aufgabe gegenuber, und nicht nur uber die mehr objektiven Zuge des 
Problems Belchiung crhalten, 
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NOTE ON THE ERUPTION OF THE PERMANENT TEETH IN A 
GROUP OF SUBNORMAL CHILDREN, INCLUDING AN 
OBSERVATION ON THE FREQUENCY OF 
CONGENITALLY MISSING LATERALS 

Joseph T, Cohcn and John E Anderson 

Upon the completion of a suivcy of the relation of the eruption of the 
permanent teeth to chronological age in a group of Minneapolis school 
children, it seemed woith tvlulc to obtain comparable data on n group of 
siihnoimal children by the application of the same method Collaboration 
with the Minnesota State School for Feeble Mmded at Faiibaiilt was secured 

A icview of the liteiatiire shows that, while there is some difference of 
opinion among investigators, on the whole, most of the woikeis in this field, 
accoidiiig to Perkins, *‘are agreed that children who deviate from the noimal 
in mental development, do, gcneially speaking, show a deviation m physio- 
logical matin I ty** 

PeiKins (9), m a study of 555 cases, concUidca that chionologlcal age is 
a gieater factoi in dentition than mental age, that mental age shows a 
positive relationship to dentition, that when the intelligence quotient is low 
letaidation in the eiiiption of the peimaneat teeth may be expected, and 
that extreme cases of delayed dentition suggest retardation in mental develop¬ 
ment 

In the Woodrow and Lowell (7) study of 200 children, seven years six 
months of age, a low positive, con elation between dentition and intelligence 
scores on the Kiihhnann-Binet scale was found 13iit, on examining 120 
gills under 13 yeais of age, Abernathy (1) found a high positive correlation 
between dentition and Stanford-Binet scoie, which became a low negative 
correlation when chronological age was held constant Using erupted 
permanent teeth to repiesent physiological maturity, DeBiisk (5), in a study 
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of 200 children, found a correlation with intelligence level Bean (2) 
found that, at each age from seven to fouiteen yeais, children below then 
proper grade m school had 0 9 teeth less than the average, and that children 
above their proper age m school had 0 8 teeth more than the average child 
of their age 

On the basis of a study of 4000 English children, Levy (6) recommends 
the use of the eruption of peimanent teeth foi ascertaining the chronological 
age of children At that time, due to the absence of biith registration, 
precise data on chronological age was rarely available Aftei the determina¬ 
tion of chronological age by anntomtcal evidence was no longer a problem, 
the use of erupted teeth as a measure of physical development or physio¬ 
logical age was freqneiuly suggested Miimford (8) slates that the dates 
of eioption of the cuspids, bicuspids, and second molais are important m 
estimating the physical age of a child Accoiding to Spokes (10), the 
ciiiption of the peimanent teeth is of value m indicating age but is not 
perfectly reliable. Cattell (3) rcfeis to the eruption of the teeth as a 
physiological standard for development 

In the present study, the physically well childlen (218 in all) at the 
State School for the Feeble Minded (see Table 3 foi distiibution of ages) 
between the ages of five and fifteen years were examined 
The procedure followed involved an examination of the mouths of the 
children, with a lecoid on a prepared form of the teeth present In piesent- 
Ing the results no differentiation with reference to sex is made because the 
proportion of the sexes in the institution did not cliffei maikedly from that 
in the group of normal childien with whom compaiison is made 
The number of permanent teeth present at the vanoua ages for both the 
normal and subnormal group is presented in Table 2 
The subnormal children at all ages have fewer teeth than the normal 
children, the number varying somewhat from age to age. The mean dif- 


TABLE 1 

Distridution of Mentai Aces of Subnormal Chiidren 


Mental age 

Number of childien examined 

Bo>s 

Girls 

Below 3 0 years 

35 

31 

3 0 to 4 0 yea IS 

19 

13 

4 0 to 5.0 years 

17 

10 

5 0 to 6 0 years 

10 

14 

6.0 to 7 0 years 

U 

13 

7 0 to 8 0 years 

8 

10 

8 0 to 9 0 years 

11 

8 

9 0 to 10.0 

3 

2 


117 

101 
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TABLE 2 

Average Number oi Erupted Tefth at a Given Ace 
(Noimal and subnormal children) 


Age 

No cases 

School childien 
(normal group) 

2848 cases 

Av no erupted No cases Av 

Faribault children 
(subnoi mal group) 
218 cases 

no erupted Differences 

5 0 to <0 

98 

16 

2 

10 

06 

6 0 to 7 0 

168 

52 

5 

46 

06 

7 0 to 8 0 

334 

8 8 

22 

7 1 

1 7 

8 0 to 9 0 

354 

121 

20 

117 

04 

9 0 to 10 0 

437 

141 

17 

13 1 

10 

10 0 to 110 

484 

176 

37 

16 0 

1 6 

11 0 to 12 0 

467 

21 3 

23 

20 3 

t 0 

12 0 to 13 0 

268 

24 9 

36 

24 6 

03 

13 0 to 14 0 

137 

26 4 

31 

25 3 

1 1 

14 0 to 15 0 

101 

27 4 

25 

26 7 

07 


ference, taking all the children into consideiation, is 0 9 teeth in favor of 
the noimal children This figure agieca stiikingly with that found by 
Bean (2) 

The data are presented as ogive curves in Figure 1 The continuous 
heavy lines arc the curves for the eruption of permanent teeth m a group 
of normal children as presented in a p rev tons article by Cohen (<V) The 
continuous light lines piesent the curves of the eruption of the permanent 
teeth in the subiioimal childien under consideintion There is a alight 
difference between the two gioiips Tn general, each of the teeth of the 
normal children erupts somewhat earlier than do the teeth of the subnormal 
childien The difference is most marked in the postcnoi teeth and least 
marked in the anteiior teeth, 

In the course of the observations upon subnoimal children it was noticed 
that congenital lateials weie missing in sufficient ftequency to justify a 
special study and compaiison with noimal children. To eliminate all 
possible sources of error arising from lack of development, in making thia 
comparison no childien below the age of ten years were incliuled in cither 
the feebleminded oi the normal gioup, due to the fact that aveiage age of 
eruption of the laterals in noimal children accoiding to the previous study 
la seven and seven-tenths yeais, with a semi-intcr<iuartde range of six-tenths 
of a yeai Every one of the children in the study wag Hiifficjently advanced 
chronologically foi the peimnncnt lateral to be present 

It was found that of the 1466 noimal children who were examined 37, 
or 2 5%, had missing upper laterals, while of the 151 subnoimal children 
16, or 10 6%, had missing upper laterals Four, oi 27%, of the normal 
childien had missing lower lateials as compared with 5, oi 3 2%, of the 
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subnormal children. Of the normal children 40, or 27%, had either upper 
or lower laterals missing, white in the subnormal children 20, or 13 2%i 
had eithei upper or lower laterals missing 

Ciiives representing the eruption of the permanent teeth of feebleminded 
children with congenitally missing laterals and of normal children with 
congenitally missing laterals are also found in Figure 1 The heavy dotted 
line in each curve represents the curve of eruption for the particular tooth 
in n group of normal children with congenitally missing laterals and the 
light clotted line represents the curve of eruption in a group of siibnormnl 
children with congenitally missing laterals 

These figures show that m the group of subnoimal children with congenU 
tally missing lateials each of the pcimanent teeth erupts somewhat later than 
js the case among children of the normal group who have congenitally 
missing laterals Further, in both the normal and subnormal gioups of 
children with congenitally missing laterals, permanent teeth definitely erupt 
later than they do in children without Mich missing laterals. 

Conclusions 

1 Defective children have fewer permanent teeth at any age than do 
noinial childien 

2 Permanent laterals are moie often congenitally missing m a group of 
defective children than in a gioiip of normal children, 

3, Among children with congenitally missing laterals regardless of 
whether they are normal or defective the rcmaming teeth erupt later than 
they do in eithei normal or defective children ivithout missing laterals 

4 Among children with congenitally missing laterals, both normal and 
defective, the lemaining teeth erupt somewhat later m tlie defective than 
they do m the normal children, 
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INFLUENCE OF ILLNESS DURING THE FIRST TWO YEARS ON 
INFANT DEVELOPMENT 

Stevenson Smith 

It IS a matter of common belief that sick chldreti are slower to develop 
than arc well children, In fact, this is statistically demonstiable, But 
lieie we encountei a dangci of false inteipi etation The methodologist 
will ftt once point out that, although sick childicci are slow to develop, 
this slowness may with equal right be chaiged against their constitutional 
weakness oi attiibiited to some specihc illness It is the nnaly^i«i of these 
factors that will coiiocin us. 

This study deals with the age at which children, according to then 
patents, hold up their heads, sit up without back support, cut the first 
tooth, creep, walk alone, say words in iespouse to seen objects, and put 
two or mole words together into a phiasc, This information was secured 
concerning 94% of the pupils of a Seattle grade school (912 cases) Some 
of the records were incomplete, but there was little, if any, selective 
sampling 

The trustworthiness: of parents’ testimony concerning the age at which 
their children develop the traits m question h none too great A constant 
error would, however, have no effect upon oiii conclusions Variable 
errors Lend toward compensation and probably have little effect upon mean 
scores. The greatest soutce of selective crroi in this study would be a 
possible rationalization on the part of parents of slow children by which 
they seek to excuse their children's backwaidness. This might conduce 
to an cxaggeiation of the lemcmbeied illness But most of the illnesses 
reported here were distinctly of an all-oi-none sort. 

Eighty-one cases, whose histories weie complete, gave a history of 
severe illness duiing the first twenty-foui months of life. The others 
dented such u history By severe illness la meant any of the five “chil¬ 
dren’s diseases,” piie-uinonia, diphtheria, any dangerous gastro-intestlnal 
malady, rickets, a major operation, or a head operation 

A comparison of the mean ages at which the sick group and the well, or 
control, group develop each of the seven traitfl that have been mentioned 
would be of but little interest This is because among the sick group some 
of the children had developed any particular trait before illness and some 
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after lUncss* The mean age of developing the trait might be incicjsed 
only by those who had pieviouoly been ill 

AgtTin, if wc calculate sepaiately the mean age of developing a certain 
trait by those of the “sick^’ gioup who acquired the trait before their ill¬ 
ness came upon them, and compare it with the mean for those who 
developed the same trait /iftet their illness, wc have results that aie wholly 
misleading One reason that those who develop the tiait before illness 
do so caiher than do those who dev^clop it after illness is that the two 
groups aie selected The naturally cailv-developcrs will have acqiiiicd 
moie traits before sickness overtakes them than wiU the late-developcis 
Thciefoie, when classified with lefcrence to the acquircincnt of any trait, 
there will be a pi epondei ance of eaily-developers among those ncquiiing the 
trait before illness and a corresponding picponderancc of late-dcYtlopera 
among those acqumng the tinit after illness The direct elTect of sickness 
in ictaidiiig development, as well as the effect, if any, of precocity or 
innate slowness in rendering the individual liable to disease, is not indicated 
by such measurements if they aie earned no further 
The percentage of childien that acquire any trait after illness has over¬ 
taken them depends upon the age at which that trait is developed For a 
trait developed early the percentage will be relativclj small For a trait 
developed late it will be relatively laige It would follow, then, that the 
relative difference between the developmental age means of the sick group 
and of the contiol group would increase from trait to trait diiectly with 
the lateness of trait development, provided that illness causes the rctarda- 

TABLE 1 

_ 

Percent 


Mean developing (y) 

age in trait 


Trait 


months 

SD 

N after illness 


Head up 

contiol 

2 400 

1.31 

513 

25 

,024 

sick 

2 460 

1 43 

81 



Sitting up 

control 

5 341 

1 49 

619 

49 

076 


sick 

5 77S 

1 SI 

81 



First tooth 

control 

6 965 

2 48 

742 

56 

066 


sick 

7 454 

2 86 

81 



Creeping 

contiol 

8 440 

1,75 

583 

71 

099 

sick 

9 372 

2 26 

81 



Words 

control 

10 261 

3 90 

602 

74 

078 


sick 

11 126 

3 85 

81 



Walking 

control 

12 772 

2 23 

831 

91 

113 

sick 

14 403 

3,82 

81 



Phrases 

control 

14+S7 

4 39 

503 

97 

119 


sick 

16 450 

4,21 

31 




Retardation in Developing Trait 
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t\oi\ III oyder to make compamon possible, the cones ponding means of 
the sick gioiip find of the control group arc cxpiessed «is latios. Also 
the percentage rs given of the sick group that developed the tinit after 
illness (Table 1) 

The intluence of illness will be shown as the quotients in column y vary 
with the percentages in column x. The correspondence is high (Figure 1) 
We may say, then, that there is a decided relationship between illness 
and retardation of development The tiutli of this does not have any 
bearing upon the presence oi absence of othei factors It docs not eliminate, 
for example, the possibility that a third factor, such as some constitutional 
weakness, is responsible for both illness and retaidation The answer to 
this doubt lies, liowevei, within ovir data 

If constitutional weakness alone had been the cause of retaidation the 
correlation of at and y would have been 0, all the ratios in the y column 
being then piesamably the same There might, of cobise, be a perfect 
correspond-ence between illness and retardation and n perfect correspondence 
as well between constitutional weakness and retardation But if con¬ 
stitutional weakness causes letardation, and is more frequently present 
in the sick group that in the well group, x will equal ay+b, where i is a 
constant repiesenting the effect of constitutional weakness (Figure 1). This, 
however, is hardly the case accoiding to what s'eems to be the line of 
best fit If there is such a thing as constitutional weakness that renders 
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babies liable to disease Us association with backwardness of development 
IS not indicated by these results, 

Any Conclusion dravvn from these data wrll be no more reliable than 
the data themselves The study should be lepeatcd* using diicct observation 
of babies and contemporary records. 

By inspection of Figure 1, we would conclude that severe illness pre¬ 
ceding the development of any trait reduces the appaieiit rate of develop- 
nnent of that trait to about of what it would otherwise have been, Or, 
stated differently, the most probable amount by which the age of developing 
a tiait will be incieased by severe illness is 14% 


THE HAMPTON COURT MAZE 
Thurman C Scott 

Professor E G. Wever of Princeton University called my attention to the 
fact that the diagram of the Hampton Court maze which is usually used 
IS not the correct diagiam of the Hampton Couit Garden Maze I have 
been unable to find in psychological literature a true or correct diagram 
of this Hampton Court Garden Maze Several articles and textbooks 
contain diagrams of this maze, but they are all of the modified rectangular 
type and offer very little suggestion as to what the original pottern was 
like Small (2) has the following to aay in regard to the pattern whfeh 
he used "The Hampton Court Maze served as a model for the apparatus 
The diagram given m the Encyclopedia Bntannica was corrected to a 
rectangular form, as being easier of construction*’ More recent authors 
simply refer to the pattern as the modified Hampton Court maze and some 
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FIGURE 2 

Modified Pattern of Hampton Court Maze 

of the most recent have omitted the word modified In fact, the rectangular 
form of this maze is possibly accepted by many people as the original foim 
Since the Hampton Coiiit maze can justly be called the "grandfather'^ of 
all mazes which are in use today, it seems that it migKc be worth while 
to call attention to the pattern as it existed in 1900 and still exists today 
in the Hampton Court Garden, This pattern> copied from the Encyclopedia 
Bntannica, is given m Figure 1 In Figure 2 is found the modified rectangu¬ 
lar pattern which is usually given in psychological Literature 
The following statement follows immediately the above quotation from 
Small: "The character of the problem was not affected” This statement 
may be true for rats, but there is some doubt as to whethei it would be 
true foi humans The author has obtained some evidence (1) indicating 
that the human subject finds oblique and acute angles more difficult than 
right angles, That is, the Ivinacstlictic sense of the human subject is not 
sufficiently developed for him to discriminate quite so keenly In learning 
a maze the human subject will sometimes make an oblique turn without 
knowing that he has changed lus direction, and in making an acute turn 
will sometimes think that he is doubling back on the path which he has 
already traversed It seems possible, then, that such a change to a rec- 
tangulai form might affect the performance of human subjects. 
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AN OBJECTIVE AID IN THE STANDARDIZATION 
OF VERBAL DIRECTIONS 

Hmioid M Whiums' 

The standaidization of the verbal content of the ingtrnctions m testing 
young children has long been practiced, That significant changes in the 
meaning of a given verbal content may be introduced, however, by suitable 
variations m the rhythmic and inflectional patterns, and by changes in 
stiess and voice quality is a matter of common expeneiicc Whether the 
meaning content of “This is a nice day“ will be sincere or ironic depends 
almost entiicly on analyzable factors in the manner of saving the words 
It IS possible that with young childien and animals these expressive aspects 
of speech may assume a position of ciucial nnpoitance in meaning It is 
the purpose of this note to call attention to the possibilities of the phonopho- 
tographic techniques as aids in the objective measuicment of some of these 
factors, particulaily with regard to their usefulness as objective criteria 
in definite experimentation on the problem of the couvcyatice of meaning 
at the early ages 

By the use of phonophotographic devices it is now possible to dcsciibe 
with accuiacy the pitch and Lime factors in speech Empha'^is in terms 
of loudness cannot be as satisfactorily measured at piescnt, but it may be 
contended with some validity that changes in lime and pitch arc in them¬ 
selves important aspects of emphasis, and that inflectional changes in pitch 
in speech aie related m some degree to changes in intensity No simple 
device for the objective description of timbre changes is as yet available 

In a recent study of the influence of external factors on motivation (Z), 
praise and reproof were used as incentives The veibal content of each 
incentive was kept constant, but a question arose as to the tester’s ability 
to routmize the expressive aspects of the sentences. Photographic studies 
were made, therefore, of the time and inflectional patterns of the praise 
incentive by the use of MetfessePs strobophotograph (3) for the purpose 
of measuring the consistency with which these patteins were repeated 
The results are shown graphically in Figure 1 In this figure three trials 
are shown, equivalent parts being gioupcd together to facilitate comparison 

^Tlie cxpcumental work ^vas done while the wriicr was a National 
Research Council Fellow in Child Development at the Iowa Child Welfare 
Research Station, State University of Iowa, Iowa City, Town 
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FIGURE 1 

Phonophotographic Record of Three Repetitions of the Praise Incentive 


Giaph A is a record of the first tria!, Giaphs B and C show two attempts, 
one immediately following the other, made two weeks later Horizontal 
divisions on the graph repiesent one-tenth-second inteivals Each vertical 
division represents one-half tone of the tempered scale 
These records were made aftei the directions had been given a great 
many times in actual experimentation ^nd show that the tester had been 
able to mechanize the pitch and time characteristics of the directions to a 
remarkable degree The wolds “splendid” and “John” aie almost identical 
in time, pitch range, and inflectional form in the three tiials The important 
phrase, “big, strong, boy,” is also quite consistently given The largest 
difference is in the extent of the pitch inflection on “bell ring” 

These findings suggested the possibility of measiiiing in the same wav 
these characteristics in the speech of different people giving standardized 
directions Two situations were selected from the Stanford-Binct teat (5), 
the number dictation senes “9, 7, 2, 8, 4, 7, 5,” and the absurdities test, 
“There was a railroad accident yesterday, but it was not very serious Only 
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forty-eight peo^ile were killed'^ The iccoida m Figure Z ate for the 
absurdit[es te&t, as spoken by three cxpeiienced Blnet testers on the staff 
of the lovva Child Welfaie Reseaich Station The material is arranged by 
phiaaes in older to facilitate direct comparisons 

Noticeable diffeiences in the rate of speech are to be found in the three 
records In the first phrase all three of the swh5ect9 emphasized the word 
"railroad,” as is indicated by the large cheumflex pitch intonation on this 
word One, C, has a using inflection at the end of the phrase “Not” is 
emphasized in the second phiase by all three C again emphasizes “serious” 
with a very large falling inflection, starting at a higher point than any other 
word in the senes In the last sentence "forty-eight” is emphasized by two, 
C again deviating by giving "people” considerable emphasis B seems to 
have emphasized “killed” more than the others The directions m the 
of ItUillidence for this test are to read the sentence "rather 
slowly and in a matter-of-fact voice ” The rather deflntte monotony of 
these graphs shows that the individuals concerned had striven for "matter- 
of'fjctnes^” m the dictation 

In the number dictation, differences as high as 16% were found m the 
mean period between numbers, although the inteival of one second was quite 
closely approximated* No particular evidences of ihythmic grouping were 
foundv The chief point of difference to lie found was that some of the 
testers spoke the final number with a large falling cadence, while others 
did not, The diopping of the voice at the end is undoubtedly in violence 
of the directions which slate that the numbers are to be pioUounCed "with 
perfectly uniform emphasis” 

The influence of expressive factois on meaning in verbal JirecUona m a 
given situation can be determined only through experimentation It is 
known that grouping numbers in a temporal sequence makes the memory 
Span for digits greatei (4) The dropping of the voice at the end also 
probably makes the series easier Baldwin and Wellman (1) report that 
changes in the emphasis of a single woid, "exact,” made a large difference 
m the time score on the Wallin peg board with some five- and six-year-old 
childicn Such experimental evidence suggests, therefore, that some of 
these factors have a significant effect on teat scores As convenient devices 
for the measurement of intensity and quality become available, it will be 
possible to measure with consideiable exactness the influence of expressive 
factors in the conveyance of meaning in verbal directions. Where such 
factors appear of consequence in conditioning the responses obtained, these 
objective techniques may well be employed to check in advance the skill of 
the experimenter. 

Rbpetiewces 

Baldwin, B T , & Wellman, B The peg board as a tneanij of analyzing 
form peiception and motor control in young children J. Geitei, Psychol, 
1928, 36, 389-414. 



SHORT ARTICLES AND NOTES 


293 


2 Chase, L, Motivation of young children An experimental study of the 

influence of certain types of external incentives upon the pcrfoimnncc 
of a task, (To appear ns a Umvcisicy of Iowa Study in Child WeL 
fate) 

3 MetfesseL) M C The stiohophotograph A device for mcasvirmg pitch, 

J Gen. Psychcl, 1929, 2, 135-139 

+ MdLLER, G., & Schumann, F E^cpciimenteilc Beitrage zui Untcr- 
aucliung des Gedachtmsses Xsciu f Psychol^ 189+, 6, 81-190, 257-339 
S Tbrman, L M The measurement of intelligence* an explanation of 
and a complete guide foi the use of Stanford revision and extension 
of the Binet-Simon scale. Boston Houghton Mifflm, 1916, Pp, xviii+362 

lo^a Chid Welfare Rt search Stahon 
Slats U?nversity of lo^wa 
/(non Cilyy /o'lofl 



BOOKS 


EUllBD BY 

Edmund S Conklin 
Santb De Sanctis 
A R Luria 
Godfrey Thomson 
C J, Warden 


Thomas, W I, & Thomas, D S The Child in Amo tea New York* 
Knopf, 1928 Pp. xiv+575 

Thomas, D* S Sowe New Technwnes for SlvdyiTtff Social Beho^vior New 
York Bur Pubis,, Teach Coll, 1929 Pp viu+203 
Healy, W , Bronner, a, F , Baylor, E M H , & Murphy, J P Recon- 
siructhg Behavior in Youth New York* Knopf, 1929 Pp vii+325 
Calverton, V F,, & SCHMAI HAUStM, S, D [EcHtoi^i] The Ne>w Generfliioti, 
New York-: Macaulay, 1930 Pp* 717 
The fiiat volume of this gioup lepresetiis a worthy attempt to bring be¬ 
fore the student of social paychology the special problems of the child and 
to indicate the manner in which these pioblems aie being dealt with in 
America The first section of the book sets forth the various types of 
juvenile maladjustment met with by the parent, teacher, and social workci 
Instead of the usual bare classification of specific pioblems, an attempt has 
been made to make each concrete by a guarded \w of the case method 
The second section comprises a survey of the more common practical pro¬ 
grams that have been tried out m different communities in the attempt to 
solve the problem of juvenile delinquency Child guidance clinics, com¬ 
munity organizations, parent education, and charactei education programs 
are each given sepaiate treatment m a special chapter The limitations of 
such practical piograjns are clearly pointed out and illustrated by concrete 
examples The final section of the book deals with the contributions of the 
following types of reseaich progums psychometric, psychiatiic, physiologi¬ 
cal-morphological, and sociological In the discussion of these various 
methods of approach, the authors show a broad grasp of the subject, and 
a sanely critical attitude. 

The second volume is a collection of essays by numerous wiiters on 
methods of studying in an objective mannei the social behavior of the child 
In general, the methods suggested weie developed and tried out in con- 
nechon with the work of the Child Development Institute of Teachers 
College, Columbia Univcisity 


294 



BOOKS 


295 


The third volume of the group is one of a scries dealing with the work 
of the Judge Baker Foundation The present number is concerned with the 
problem of the placement of maladjusted children in foster families The 
first section of the book presents a classification of the types of maladjust¬ 
ment met with in woik of this sort The principles underlying foster borne 
care aie also discussed in a special chapter. The second section of the 
book deals with the methods and problems of child placement* with emphasis 
upon the psychological aspects of the matter The final section comprises 
the results of an experiment in the placement of over 500 problem children, 
The relation of sex differences, illegitimacy, nationality, type of maladjust¬ 
ment, etc, to success in placement arc discussed in the light of the actual 
results reported, This survey should be of considerable value to the 
worker intciested in this special phase of social rcconstiuction, 

The New Generation is a collection of writings on numerous topics relat¬ 
ing in one way or another to the problem of the child and the home The 
value of the collection is decieased by the fact that certain chapters are 
by duly qualified specialists while others aic by journalists and others of 
no scientific reputation The book is evidently intended for the layman, 
who can hardly be expected to know how to pick and choose m such a case 
The papeis aic grouped under five general headings, but the lack of unity 
within each section makes this seem quite unnecessary, The first section 
on the parent"Child relationship includes topics as widely unrelated as 
savage education and reverence, The third section on “the family romance" 
IS largely a jumble of psychoanalysis, with a special chapter by T. Swann 
Harding on “What Pncc Parenthood?^* The final section ranges In scope 
from "the flappei*’ to “the decline of Mother Goose.” 

C J. Warden 

Coliiinhia University 
New York City 


Furfey, P H The Growing Jioy New York: Macmillan, 1930 Pp. 
Viu+192 

Hollingworth, L S The Psychology of the Adolescent New York: 
Appleton, 1928, Pp, xin+259 

Brooks, F D The Psychology of Adolescence, Boston* Houghton Midlin, 
1929, Pp xxiii+652 

The little volume by Furfey is merely a few case studies, of boys at 
different ages, brought together It does not appear to be written solely 
for the parent, although the piesentation la extremely elementary It is not 
easy to see the value of so slight a treatment of so weighty a topic—certainly 
it falls entirely outside the textbook class 
The volume by Hollingworth comprises a sympathetic trealment of the 
period of adolescence in the boy and girl, The author is to be commended 
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for omitting entirely the material on thie topic as represented by the G Stan¬ 
ley Hail tradition The physiological basis of adolescence is passed over 
rather Ughtlyj the mam emphasis being upon the more strictly psychological 
aspects of the pioblem* The author stiesses the fact that the coming of 
adolescence is not a sudden event but a gradual process Such fundamental 
problems as penning from the home environment, the development of the 
capacity for self-support, the selection of a mate, and the achievement of an 
independent personality are dealt with in a clear and consistent mannei 
Lists of suggestive questions and bibliographical material for the several 
chapters arc available in appendicesi This volume will doubtless be widely 
used as a textbook 

The volume by Brooks differs from that of Hollingworth in several im- 
poitant respects. In the first place, it is much bioader in scope The facts 
relating to the physical growth of the adolescent are detailed at length in a 
aeries of chapteis, and the correlation between physical and mental growth 
emphasized throughout. In the second place, numerous facts relating to 
adolescence have been gleaned from the cxeprimcntal liteiature and pre^ 
sented la tabular or graphic form. Finally, considerable attention has been 
given to disturbances of the adolescent personality, This volume will ap¬ 
peal to those who desire a textbook more comprehensive in these respects 
than that of Hollingworth, 

C. J, Warden 

Columbia Uni*vemty 
New York Cify 


Pratt, K C, Nelson, A. K., & Sun, K H Beha<vior of the Newborn 
Infant Columbus Ohio State Univ. Press, 1930 Pp, xiii+237 
Buhler, C, The First Year of Life New York John Day, 1930. Pp. 

BOhler, C. Kindheii und Hgcnd Leipzig* S. Hirzel, 1930 Pp xx+308. 
BOhler, K The Mental Development of the Child. New York Harcourt, 
Brace, 1930. Pp. xi+170 

CuRTi, M W Child Psychology, New York Longmans, Green, 1930 
Pp ix+527 

Peaget, J The Chdd^s Conception of Physical Causality New York* 
Harcourt, Brace, 1930. Pp. vin+309. 

The first book of this group represents the results of a long and careful 
Inveatigation of the newborn infant conducted at the Ohio State University, 
It IS the most thoroughgoing and systematic study of the infant that has 
appeared to date The sensory fields of light, sound, taste, smell, and 
temperature were covered, and special tests conducted on the sucking re- 
aponse of the infant and the response elicited by holding the nose. The 
volume contains brief reviews of the literature on the several topics, and a 
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selected bibliogrnphy It should prove to be of great value to all those 
interested in the experimental approach to the psychology of the infant 
The second book dealing with the first year of life includes many first¬ 
hand observations regarding this very intciesting stage of child development. 
The mam value of the book, howevei, so far as the English reader la con¬ 
cerned, lies in the fact that the special tests designed by the author are 
here rendered available m convenient form A chapter on the practical 
reliability of these testa, which have not been widely applied to Amciican 
children as yet, is also included 

The other volume by the same author appears to be a worthy attempt to 
apply the genetic method to childhood and adolescence. The author recog¬ 
nizes the following age levels, treating each m a single chapter; first year, 
two to four yea 13, five to eight years, nine to thirteen years, and fourteen 
to nineteen years The treatment of the first two age levels is much more 
systematic and complete than that for the later levels. A bibliography of 
only 47 titles is included in spite of the immense literature existing relating 
to the psychology of childhood and youth 
The volume by Karl Buhler is not a systematic treatment of mental de¬ 
velopment in the child, but rather seven lectures dealing with more or less 
unrelated aspects of child psychology In the fiist lecture, the author de¬ 
velops the three concepts of instinct, training, and intellect, and discusses 
certain general aspects of the field In the second lecture, these three con¬ 
cepts are applied to the first year of life The remaining lectures deal in 
order with the following topics* perception, unagination, drawing ability, 
thinking, and social behavior, as related to the growing child 
The volume by Curti is intended, according to the author, to be a com¬ 
prehensive survey of the psychology of the normal child However, the 
book falls far shoit of its purpose in this regard since the selection of topics 
treated is relatively narrow as is usual in textbooks on this subject The 
introductory chapter deals briefly with questions of method Of the re¬ 
maining thirteen chapters, three are devoted to the general problem of 
heredity and environment, three to learning m the child, three to language 
and reasoning, two to delinquency, one to play, the final chapter being on 
the growth of personality. In topical treatment of this sort it is difficult 
to preserve the developmental continuity, and apparently impossible to 
emphasize properly the successive stages of growth and development. 
Nevertheless the book compares favorably with other recent treatments in 
which the genetic method has been subordinated to the topical 
This last volume of the group appears to be the concluding nunibei of the 
senes by Piaget dealing with various aspects of the world of the child He 
attempts to trace the development of the notion of cause and effect from 
its fiist appearance in the naive and irrational conception of the child to 
the scientific conception of the adult During the period from three to 
eleven years, this development proceeds along the following three lines 
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simultaneously (1) from realiara to objectivity, (2) from realism to reci¬ 
procity, and (3) from realism to relativity He finds no less than seven¬ 
teen types of causal relation in child thought, which he classifies as follows* 
(1) motivation, (2) finalism, (3) phenomcnigtic causality, (4) participation, 
(5) mngicni, (6) moral, (7) artifidalist, (8) animistic, (9) dynamic, (10) 
reaction of surrounding medium, (It) mechanical, (12) causality by gener¬ 
ation, (13) substantial identification, (14) that involved in such schemas 
a-j condensation, n#id rarefaction, (IS) atomistic composition, (M) spatial 
explanation, and (17) logical deduction Types one to six are dominant 
m the early stage of the child’s mental development; types seven to nine 
during the next stage, and types ten to seventeen m the final stage. What 
nl] this arm-chair verbal analysis, suppoited by the outwoin method of 
pertinent illustration, actually means it is difficult to determine The chief 
Value of the book would seem to lie in vvhatevei one may be able to glean 
from the illustrative mateiinl without regard to the analysis The illus¬ 
trative material itself is so highly selected as to be wholly inadequate to 
support general conclusions concerning the evolution of the child’s reaction 
to the external world 
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THE WHITE RAT AND THE DOUBLE ALTERNATION 
TEMPORAL MAZE^ 

From the Psychologica] Laboratories of Clark Vmwsity 

Walter S* Hunter and Joseph W. Nagge 


Introduction 

In the original investigation oi the rat's ability to master the 
double alternation response m the temporal maze, Hunter (4, 5) 
secured negative results The rat readily mastered simple alternation 
in a single T-shaped discummation box, and, with great difficulty, 
It could master simple alternation m the tempoial maze. Under 
the conditions of that experiment, however, double alternation was 
nevei established either in the T-sliapcd box or in tlic temporal maze. 
In a later investigation (7) Huntei trained rats first on a double 
altcination tridimensional maze (of the elevated type) and then 
transferred them to an elevated temporal maze where an eftort was 
made to secure the double alternation response. Four rats received 
from 109-180 trials on this temporal maze, but only 7 responses 
were made which involved any significant aspect of double alterna¬ 
tion The one remaining rat, after mastery of the tridimensional 
maze, was tested alternately on the tridimensional and temporal 
mazes, receiving IS trials on the latter problem Of these 15 
tiials, 2 were peifect and 2 were pai dally so in a significant mannei 
(Ihlj left, left, light, left) Although these positive results were few 
in number they oftered the suggestion that a new method of train¬ 
ing might bring foith results positive in chaiactci and numerous 
enough to indicate that they were not due to chance, 

In the present paper we describe such experiments Working 
fiist under conditions where the double alternation response could 
be set up m the lat, we have giadually modified the conditions of 
work until the subjects were being tested on the double alternation 
temporal maze. The results sliow that some rats can master the 
double alteination tempoial maze pioblcm, although with gieat 
difficulty We have not found, however, that they could extend the 
series of responses from the 4 on which they were trained to 6 
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or 8. In other words, when lats who had learned to make the 
double alternation response llrr were gwen an opportunity to extend 
this response to IhjUrr, the double alternation did not extend beyond 
the first 4 units. Aftei that the response was usually to the right, 
making a series llrrrnr, Appaiently what the rat had learned to do 
wag to go twice to the left and thereafter to the right. This is a 
strikingly diffeient behavioi fiom that found by Gellcrmann (1, 2, 
3) in monkeys and human subjects, where the ability to extend the 
senes was clearly present, In rats the factor which controlled double 
alternation was only opeiative m the specific series on which the 
animals were trained. In monkeys and human subjects, however, the 
controlling factor was not so limited in its range of application 

Subjects, Method, and Apparatus 

Naggc used 29 noimal, untrained albino rats, ranging in age fiom 
45'82 days, and 6 rats who weie 113 days old. Huntei used 20 
normal, untrained albino rats, 30-45 days old. (All ages are given 
as of the first of the training) 

The apparatus is shown in Figure 1. It consisted essentially 


? 2 ; 



A 

FIGURE 1 

Plan op the Apparatus 


The linear series of A- boxes is arranged for double alternation in the 
order llrr C®, C®, C* are the entrances are the exits S desig¬ 

nates the end-atopa. The brackets show the location of the punishment 
grills^ T 18 the accessory unit for converting Box 1 into a temporal maze. 
E IS its entrance. 1-4 designate swinging doors, K is the carrier used for 
transporting the rat from one box to another A and show the position 
of the doors of T in the normal series of Urr responses In j the doors 
arc arranged for left responses; in for right responses 
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of four T-shaped boxes arranged in linear senes, These boxes were 
arranged so that left responses wcie made in the first two and right 
responses weie made in the last two boxes, C is tlie entrance door, 
and S, is the alley-stop maiks the exit The boxes were wired 
with punishment devices, the grills of which are indicated by the 
brackets m the figure The foui boxes were constiucted as nearly 
alike as possible The heavy lines at the two sides of each box in the 
figure repiescnt partitions which extended about 18 inches above 
the tops of the boxes Foui electiic lights of equal intensity were 
suspended each above a central alley of a box. Theie was no other 
source of illumination in the room 

The inseit K in the figure represents the carnci-box in which 
the rats wcie tianspoited fiom one part of the apparatus to another 
The insert T in the same figure lepresents the device used to con¬ 
vert Box 1 into a temporal maze This unit was placed directly m 
front of Box 1 and in contact with it. In addition to an entrance, 
£, there were four other doors, numbeied 1, 2, 3j 4, which served to 
direct the animal up the central alley (doors 2 and i) and to stop 
the animal when an error was made (doois 1 and 4) Unless other¬ 
wise indicated later in the discussion the doors of the temporal maze 
occupied the positions indicated in Figuie 1, inseit A, during the 
four responses made in one trial The doors operated noiselessly, 
and they wcie never moved at a time when they might immediately 
condition a lesponse at the point of selection, x 

The rats were brought to the experimental room one at a time 
^ind wcie given one trial per day, each trial consisting of foui re¬ 
sponses in the order lltr* A tiial was conducted as follows The 
rat was placed in the carrier, and brought to the entrance, Ci, 
of Box 1. When the rat reached the exit of this box, it was picked 
up (in Huntei's experiment), placed in the caincr and transported 
to the entrance of Box 2, This pioccdure was repeated foi Boxes 
3 and 4, after which the rat leceivcd its daily ration of food. Train¬ 
ing was continued until the rat made 8 of 10 successive tiials without 
error This means until on 8 of 10 successive days the rat had gone 
left in Boxes 1 and 2 and right in Boxes 3 and 4, thereby completing 
a double alternation response of four units, Ibr 

In Nagge’s work the rat was not directly handled from the time 
it was first put in the carrier until the day's trial was over When 
the rat reached the exit, PFu a small particle of food was placed in 
the carrier, which was held in front of the exit. The rat then 
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entered K, ate the food, and was transported to the entrance of the 
next box Food was secuied in this manner at the clo'^e of the run 
in each box Hunter s method was adopted by him m older to elimi¬ 
nate the necessity for feeding during a tiial and m order to dcciease 
the interval of time between the responses making up a trial 

Results 

Table 1 shows the numbei of trials given each rat before the 
criterion of masteiy was attained Of the 49 lats used, all but two 
mastered the response. These two rats weie given 164 and 209 
trials, respectively, but they failed to oveicome the position habits 
into which they had fallen. The average number of trials for 
Nagge's group is gieater than that for Hunter^s group, but wc do 
not attempt to explain the difference. The total range of trials 
IS 24-162. This IS a much bettei rccoid than that made by Hunter*s 
rats in the tempoial maze as dcsciibed in the 1929 paper (7) It also 
contrasts markedly with the negative results leported bv Hunter in 
1920 (5), where rats were tiained m the T-shaped discrimination 

TABLE 1 

Number of Trials Required Prior to Mastery (3 Successive Trials 
W ifHouT Error) of the Double Alternation Response 
In Four Boxes 


Hunter’s rats 

Rat No. Trials 

Rat No 

Nagge's rats 
Trials Rat No 

Trials 

1 

47 

1 

26 

17 

48 

2 

41 

2 

29 

18 

38 

3 

34 

3 

not in 209 

20 

132 

4 

24 

4 

111 

21 

35 

5 

27 

5 

83 

22 

93 

6 

5^ 

6 

76 

23 

162 

7 

36 

7 

25 

24 

50 

8 

35 

8 

24 

25 

58 

9 

38 

9 

121 

26 

92 

10 

58 

10 

65 

27 

53 

11 

33 

11 

62 

28 

not in 164 

12 

25 

13 

84 

29 

28 

13 

26 

14 

78 

30 

50 

14 

36 

15 

127 

31 

no 

15 

S2 

16 

74 



17 

35 





18 

46 





19 

39 





20 

46 





21 

41 
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box on double alternation, (It seems probable that the negative 
results m the earlier woik were due to insufficient training of the 
animals, although individual differences and differences in the methods 
are not to be ignoied as explanatory possibilities. In comparing the 
amount of tiammg given in the two cxpeiiments, note is to be taken 
of the different senses m which the woid tiials is used in the two 
articles ) 

Double alteinxition in the present apparatus of four boxes is not 
comparable to double alternation m the temporal maze, With the 
piesent appaiatiis, each of the four responses making up a trial is 
run m a separate box from which, or from the environment of which, 
differential stimuli sufficient to control the behavior might be se¬ 
cured In the temporal maze, on the other hand, no differential 
stimuli are available either from the maze or the environment, inas¬ 
much as the subject runs through the same portions of the maze 
and of the environment in successive units of the total response 

After the lats had mastered the double alteination response in the 
four boxes, our procedure was to introduce certain controls, partly 
in ordei to further the explanation of the behavior and partly as a 
system of mteimediate training foi the rat prior to being tested on 
the double alternation temporal maze where the results crucial for 
oui experiment weie to be secuied, Befoie any of the following 
controls weie introduced, each of the rats to he tested was trained 
beyond the criterion of mastery and requiicd to meet the standaid of 
8 perfect trials in 10 successive ones, 

We shall list first the controls used by Hunter and then those 
used by Nagge One important diftciencc between the two should 
be noted here. Hunter tested each rat from two to four times on 
each control Pnoi to each contiol, the rat was required to make 
three perfect normal runs in succession Bv this means the normal 
performance was kept at a high level of accuracy, and the control 
records thiew light upon the mechanisms which functioned m the 
normal behavior. In Naggers experiment, however, the controls were 
not so much controls as they were different stages m the training 
leading up to work on the tempoial maze In Nagge's study, when 
a rat had mastered Ihr in the four boxes, and had then run 8 of 10 
successive trials without erroi, it was put on Control 1 where it was 
trained until this contiol, or stage, was mastcied to the extent of 
three peifect tiials in four successive ones. With Control 1 mas¬ 
tered, Control 2 was introduced, and training was continued as 
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before. Tlie woik with the remaining controls proceeded in the 
same manner Occasionally, when a rat failed during the first 
trials with a given control, he was again tned on the previous con¬ 
trol, aftei mastery of which the subsequent control was again used. 

Hunter’s Controls 

Control J After the rat had reached nr PFg and had 

been placed in the carrier, AT, the earner was rotated 360” while 
tjansporting the rat to Co, C 3 , and Ci, respectively. An effort was 
made to make the transportation from point to point in the usual 
time and yet not to disturb the rat by upsetting its appaient equilibri¬ 
um, 

Go7itt ol 2 The rats were given a test of their capacity to extend 
the senes of responses, Urr, from 4 to 6 or 8 , llrrll or llrrllrr^ When 
the rat reached Wi after the first four responses it was transported 
to Cl, and then from TVx to C^, etc. 

Conifol J Here the boxes were used in the order 2, 1, 4, 3. 
In this case the rat was started at C 2 , carried from W 2 to Ci, from 
JFi to C^, etc. The series of correct responses was still //rr, but the 
boxes (and hence whatever external stimuli were there operative) 
were iitilij^ed m a new order Fuithermoie, the environmental 
stimuli were presented in a novel order, inasmuch as the distance 
and direction of transportation from the various to the various 
C’s was changed 

Control 4 . Only Boxes 1 and 3 were used. The first two re¬ 
sponses, ll, were made in Box 1, and the last two responses, rr, 
were made in Box 3. 

Control 5. Boxes 4, 3, 2, and 1 were used in that order The 
alley-stops, S’s, were shifted before the control was begun so that 
the responses Ibr could be run. In this control the two boxes, 1 
and 2, in which the normal responses were lly were now used for re¬ 
sponses rr, Boxes 3 and 4 were used for the ll responses It is to 
be noted furthei that, while normally the rat progressed through 
the series of boxes (and hence through the experimental room) from 
right to left, in the present control he progressed from left to right 

Gotitrol 6 In this control all of the responses were made in Box 
1. All rats received 15 successive trials under these conditions. The 
problem Is one of double alternation in a single box, and is the same 
problem set by Hunter (5) in his original study of double alterna¬ 
tion in the rat 
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Co7iUol 7. After the completion of Contiol 6 the rats were 
blinded, and training was begun (24 horns later) m Eox 1 modified 
into a tempoial maze as desciibed above in the section on apparatus 

Nagge’s Controls 

Control 1 Aftei the rats had mastered llrr in the four boxes, 
thev weie tested in Boxes 1 and 3, ll in Box 1 and n in Box 3 

Contiol 2. Boxes 2 and 4 were now used, the rat being required 
to lun ll m Box 2 and u in Box 4 

Coniiol 3 Box 3, with the alley-stop shifted to the right side 
of the box, and Box 4 were used, the lat being required to run ll 
in Box 3 and ;; in Box 4. In this case it is to be noted that Box 3 
was noimally used foi ir lespon^es 

Contiol 4 Only Box 1 was used* The rat was trained until it 
could lun lln coirectly on 8 of 10 successive trials. 

Control 5. Box 1 was converted into a tempoial maze, and the 
rats, not blinded^ were given the llu senes with a morsel of food be¬ 
tween each response as had been the procedure thioughout Naggers 
experiment 

Table 2 summaiizcs the results secured wrth Hunter's contiols. 
We are unable to offer here a normal eiior score, as Hunter did in liis 
consideration of the sensory control of the maze (8), in terms of which 
to evaluate the significance of the percentages in the last column of the 
table So far as Table 2 is conccined, therefore, it is permissible to 
compare tlie various percentages one with another in an attempt to 
determine the relative effects of the various controls. However, 
it IS not permissible to assume that the normal error score is zero, 
that IS, that had no contiols been introduced perfect records would 
have been secured Furthermore, m evaluating the results one must 
not lose sight of the possibility of a progressive change in the basis 
of the rat's behavior. To be sure, each control was preceded bv a 
succession of three perfect normal trials, and yet the changing situa¬ 
tions to which the lat was exposed in the various controls may well 
have resulted m changing the basis of its behavior, hi ordei to avoid 
this difficulty so far as possible, experimentets should give controls so 
that, using the present experiment as an example, some lats would 
take the contioh in the order 6, 5, 4, 3, 2, 1 and otheis, in the order 
1, 2, 3, 4, 5, 6. 

Tabic 2 shows that the first five controls disturbed the behavior of 
the rats in the following order, from least to worst, 4, 1, 3, 5, 2. 
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TABLE 2 
Hunter’s Controis 

Control 1 

360"^ roifitiou hetwen UiaU 

20 rats, +8 trials 10 rats at least 1 trial Rats pevfect Peiccntage of 

with eiioi Nos 3, 4-, 6y tuals with 

+ lats 2 01 more trials 7, 9, 11^ 13, error 35 

with enoi IS, 20 

10 rats perfect 

Control 2 
E\tefui(^?i of series 

20 rats, 57 trials 2 lats each made 1 Rats making Percentage of 

pel feet extension peifect ex- trials with 

9 tiiriJs in 4- rats show tensions eiror 96 

some influence of Nos 4 and 

double nitcination m 12 

last 4 1 espouses 

Conti ol 3 

Infinence of order of boxes 

20 rats, 57 trials t9 rats at least I trial Rat perfect Percentage of 

with error No 4 trials with 

11 lata 2 or more trials error 61 

with error 

1 rat perfect 

Control 4 

Reduction m number of boxes 

20 rats, 56 trials 9 rats at least 1 trial Rats perfect*, Percentage of 
with eiioi Nos 5, 6, 7, trials with 

4 rats 2 or more trials 9, 12, 13, 14, error: 25 

with error 15, 17, 21 

11 rats peifect 

Control 5 

Reversal in direction and use of I boxes foi r 
responses and vice versa 

20 lats, 62 trials All rats at least 1 trial Percentage of 

with enoi trials with 

18 rats 2 or more trials error 84 

with erroi 

Control 6 
llrr in Bov 1 

20 rats, 300 trials 14 rats made at least 3 Rats peifect 
perfect runs in sue- on first 3 
cession trials 

Nos 3, 5, 6, 

7, 10 

Control 6n 

Rats 2, 5, 6, and 19 were tested in Box 1 for ability to extend the series 
tlrr to Urrll, All responded Utrn 
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Control 1 was more disturbing than Control 4 when the percentages 
of the last column are considered However, the two are essen¬ 
tially alike m the number of rats affected as shown in the second 
column. In the absence of a noimal erroi score, the most that we 
can sav is that Controls 1 and 4 had little if any effect upon behavior, 
Contiols 2 and 6a show that, under the conditions concerned, and 
wirii but two isolated exceptions, no rat who was able to lun the 
double alternation of four iespouses could extend the scites to one 
of six 01 eight responses 

The lesults with Contiol 3 indicate the role of eithci or both of 
two factois. one, the serial order of the exteioccptive stimuli re¬ 
ceived in each box, and the other, the diiection m which the lat was 
transposed in the cainer between responses 

The results of Control 5 ndicate a severe disturbance of behavior 
under two conditions, (rt) when left turns and light turns arc ic- 
Quned jn boxes wliere riglit and left turns respectively liave noimally 
been made (thus changing the exteroceptive stimuli normally cn- 
counteied piior to a given response), and b when the normal direction 
of transportation between responses is reveised 

By the time the ints were tested on Control 6, five of them were 
able to urn three perfect trials in succession m one box, (Since the 
subjects had not been tested sooner in one box, there is no way to 
deteimine how long they had had this capacity ) Eacli rat leccivcd 
15 successive tiials on this contiol, and 14 of the 20 rats made at 
least three peifect tiials in succession at some time duiing the con¬ 
trol Rat 7 made the fust nine trials of the control without error. 
This was the best lecoid secured Only two other rats made more 
than three perfect in succession, rat 10, who made foui, and lat 19, 
who made five 

Wc therefoie seem justified in concluding that some rats can 
master double alternation in foiu boxes or in one box, but that tins 
bchavioi is limited to the numbci of double nlternatlons on which 
the subject has been tiained. Whcie the behavior occurs in four 
boxes of the present type, the bchavioi is controlled to a certain but as 
yet undetermined extent by the exteroceptive stimuli from each box 
and by t1ie stimuli involved m the normal mode of transpoitation 
from one box to the othei. 

If this expciiment weie to be repeated, wc would make an im¬ 
portant modification in the apparatus and method. The four boxes 
would be increased in number and would be mounted on a platform 
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winch could be slid from light to left and vice veisa, The rat 
would aiwaj's be mseitcd in the appaiatus at the same absolute posi¬ 
tion in space, and die appaiRtus would be moved back and forth as 
necessary in order to use the various bo’^es By tins means environ¬ 
mental stimuli would be lendeicd moie nearly non-diffeiential and 
the different diicctions of transpoitation between boxes would be 
eliminated 

Before considering the results secured when Box 1 was converted 
into a tempolal maze, it will be necessary to examine the results 
secured with Nagge’s contiols It was pointed out above that Nagge's 
contiols were in reality stages in the training tliiough which the 
rats were brought to the tests first m Box 1 and then in this box 
converted into a temporal maze, We may, liowever, throw some 
light on the factors controlling behavioi during the vauous stages 
by noting the ease oi difficulty with which the rats masteied these 
stages. 

Table 3 shows the results It is evident from this table that Con¬ 
trols 1, 2, and 3 are essentially on a par with icspect to the number 
of rats entirely undisturbed by the shift fiom one condition of work 
to another, However, the evidence indicates that Control 3 was 
more drstuibing than Controls 1 and 2 Of the 18 rats perfect on 
Control 1, 16 were also undisturbed by Control 2 Of the 18 rats 
perfect on Control 2, only 11 were undisturbed by Control 3, Ten 
rats were undisturbed by any one of these three controls Of these 
10 rats, 7 were undisturbed by Control 5. 

It would thus seem that seven rats had so thoroughly mastered 
the double alternation problem in four boxes that a reduction in the 
number of boxes from four to two and then to one did not disturb 
the response, although such a reduction entailed differences in ex¬ 
teroceptive stimulation from the boxes and differences in the direction 
of tiansponatron (This statement is not meant to exclude the pos¬ 
sibility that the llrr response became more thoioughly established as 
the work proceeded beyond four boxes or that the rats would neces¬ 
sarily have succeeded had they been tested on one box immediately 
after the mastery of four boxes ) None of these rats, however, was 
able to extend the llrr senes of responses in Box 1 to Hall They 
had learned to run twice to the left and thereafter to the right so 
that the responses always occurred in the order llrrrr. 

We come now to the consideration of the data secured with Box 
1 converted into a temporal maze, We shall present Naggers ex- 
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TABLE 3 
Nacge’s Coni*rols 


Control 1 

Reduciion tn vumber of boxes 
Boxes 1 and 3 

26 rats, 78 trials 18 lats undisUiibed* Nos 1, 2, 4, 6, 7, 8, 9, 10, 11, 1+, IS, 
18, 20, 21. 24, 29. 30. 31 

Control 2 

Reductioji iti itnmbcr of boxes 
Boxes 2 and 4 

25 rats, 75 trials 18 rats undisturbed Nos 1, 2, 4, 6, 7, 8, 9, 10, 11, 13, 14, 
18, 20, 21, 24, 27, 29, 30 

Control 3 

Rednctio7i vi numbet of boxes mid use of 
one I box for r f espouse 
Boxes 3 and 4 

23 rats, 69 trials 17 rats undisturbed* Noa. 1, 4, 5, 6, 7, 9, 10, 11, 13, 16, 17, 
18, 20, 25, 26, 30, 31 

Control 4 
Vrr t7t Box 1 

23 rats, 69 trials 8 rats undisturbed Nos 1, 6, 10, 11, 16, 18, 20, 30 
13 lata mastered the pioblem, 3 perfect trials in succession in 1-44 trials 
2 rats failed to learn in the 12 and 23 trials given 

Summnry 

6 rats undisturbed on Contiols Land 2, but disturbed on Control 3 

7 ints distiiibed on Controls 1 and 2 or Controls 1 or 2, but not on Control 3 

10 rata undisturbed on Controls 1, 2, and 3* 

16 rats undisturbed on Controls 1 and 2, 

11 rats undisturbed on Controls 2 and 3 


peiiments first His experiments were conducted with three succes¬ 
sive methods* (^) The rats were fed a moisel of food between each 
response as had been the case in all of then previous training (b) 
This feeding was discontinued, and the lats were fed only at the 
close of the day*s work (c) The rats were blinded, and Method 2 
was continued 

Of Naggers 23 rats tested on Control 4, only 16 were tested on 
the temporal maze The remaining 7 animals had progressed so 
slowly in their tiamlng that no adequate amount of time was avail¬ 
able for continuing them on the problem. Method 1 Of the 16 
rats, 15 mastered the pioblem, 3 perfect tiials in succession, in from 
1-44 trials One rat was still unable to respond correctly after 79 
trials, 1 pel day Method 2. 12 of the 16 lats used with Method 1 
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were tested with Method 2 Eight rats mastered the problem after 
fiom 0-51 trials The remaining 4 rats rcLeived an insufficient num¬ 
ber of tiials, not to exceed 38, to deteimine whcthei or not they 
might have mastered the problem eventually Method 3, The 8 
rats who had mastered lln undei the conditions of Method 2 were 
blinded, and 24 hours latei training was continued. Three lats 
weie able to lun 3 successive trials without ciroi within the 30 
trials which they received The remaining 5 rats received 7, 18, 20, 
20, and 29 tiials, i espectively, but they did not master the problem. 

It IS, perhaps, not surprising that the shift from Method 1 to 
Method 2, with the consequent change in feeding technique, should 
have disturbed the animals. The disturbance occasioned by Method 
3, wheie the only change was that the rats were blinded by removing 
the eyeballs, would indicate that vision had been playing a role m 
the previous behavior. 

The data on Hunter's rats in the temporal maze remain to be 
considered. Of the 20 rats who received 15 trials in Control 6 
[llrr in Box 1)» 17 were blinded and, 24 hours later, training was 
resumed m Box 1 modified into a double alternation temporal maze. 
Table 4 makes possible a comparison of the performance during the 
last five trials with Control 6 and the first five trials with the tem¬ 
poral maze. It will be seen that, of the 20 rats tested, 15 made 
three perfect runs m succession at 'some time during this control. 
However only 9 rats made three correct trials in the last five, and 
only 3 rats were perfect in all of the last five trials. After being 
blinded, tio rat made moie than two perfect runs in the first five 
trials with the temporal maze. In the present case, the loss of the 
habit following blinding may have been due either to the loss of 
vision or to the necessary differences m procedure in Control 6 and the 
temporal maze 

Table 5 gives the records of the 17 rats who weie tested in the 
temporal maze The same total number of trials could not be given 
each animal because they completed the work on Control 6 at dif- 
feient times, whereas the experiment as a whole had to stop at the 
same time foi all subjects Consequently, the subjects who had pro¬ 
gressed most rapidly through the various contiols received the most 
adequate testing in the temporal maze Eight of the 17 rats made 
at least three correct trials in succession once dm mg theii tiaining, 
requiring a median of 26 trials and a range of 17-79 tiials to reach 
this standard of mastery The median number of tiials received by 




*Rat3 which made at least three correct trials in succession on Control 6 . 
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the 9 rats who faded was 43, with a range of 29-68 trials It would 
thus appear not only that mastery of the double alternation response 
in one box, as in Contiol 6, is no indication that the temporal maze 
can he mastered, but that the temporal maze is a problem of great 
and unusual difficulty for the rat. This latter fact is evidenced in the 
detailed data which show that even the lats who master the prob¬ 
lem are usually unable to perform it correctly for many successive 
trials These data are paitially lepresented In Column 4 of Table 
5 which gives the maximum number of successive peifect trials made 
bv each rat. 

Attention must now be called to the impoitant data of Columns 
5 and 6 of this table. The ^-lecoids of Column 5 refer to tests of 
the following chaiacter* The two side doois, 1 and 4 of Figure lA, 
were both open when the rat entered the maze but the two central 
doors, 2 and 3^ were in a position to foice the lat into the cential alley. 
As soon as the rat had entered the cential alley, Doors 2 and 3 were 
opened None of the doots of the maze was then moved in any way 
during the rat^s llrt responses. After the animal had lun thiough the 
left side of the apparatus, for example, and had letmned to the en¬ 
trance, theic was no dooi, 2, in position to turn the rat into the cential 
alley The records m this coliiinn of the table show that rats Nos, 
9 and 14 could perform the lln response under these conditions with 
a very high degree of proficiency. Rats Nos, 3, 5, 20, and 21 were 
less efficient, but they weie still able to make the response The 
significance of these records is derived from two considerations. (^?) 
Since the doors were not operated after the animal had staited its 
response, no cues could have been secuied from the doois. (This 
was apparently tiue in the regular tests also inasmuch as the doors 
were opeiated only when necessary to block retracing and were never 
operated at a time when they might influence the choice of right or 
left tuins.) (i) The animals making the records now under con- 
side ration did not even need the doors in order to turn into the cen¬ 
tral alley after completing a run around either the right or the left 
side of the apparatus, (It is to be recalled that all animals were 
blind.) 

Column 6 of Table 5 records the total number of 5-records By 
a 5-record is meant a successful response made under the following 
conditions: All doors of the maze weie opened before the rat was 
placed in the maze, and no door was ever operated while the rat was 
in the maze. Rats Nos. 3, 9, 14, 20, and 21 each made more than 
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one successful lln trial under these conditions. Rat No 14 in par¬ 
ticular made an excellent recoid with 2 and 3 correct trials in suc¬ 
cession and with a total of 10 correct trials of the JJ-type. 

After mastery of the temporal maze to the extent of three perfect 
trials in succession as shoivn in Column 3 of Table 5, rats Nos 3, 
6, 9, 11, 14, and 20 were occasionally tested on an extension of the 
normal Ibr series to the senes lb til In no case were the subjects 
able to make tins extension correctly. In every case the response 
was linn, twice to the left and always thcieafter to tile right 

Conclusions 

White rats have masteied the double alternation iespouse when 
trained m foui boxes arranged side by side. Some of the animals 
have also been able to perfect the re^ionse when the number of boxes 
IS 1 educed to one^ and a few blinded animals have mastered the prob¬ 
lem when this one box was converted into a tempoiai maze A few 
rats have been able to run the double alteination temporal maze 
without erroi when the doois of the maze weie not operated during 
an entire trial. 

Numeious tests were made to dcteimine whether or not the rats 
could extend a senes of four responses, lln, to lit til or lln lln The 
result^ are fundamentally negative Only two isolated cases of per¬ 
fect extension of the sciies weie found Whatcvei factor, or factois, 
controlled the behavior, the efficiency of the contiol was limited to 
the series upon which the lats were trained 

Our expciiments have thiown no new light upon the nature of 
the processes in the animal which make possible a perfect double 
alternation response in the temporal maze. 
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LE RAT BLANC ET LE LABYRINTHE TEMPOREL A ALTERNATION 

DOUBLE 

(Resume) 

Les auteurs continuent I’ctuclc du controle sensoiicl-nerval dc Inaction en 
senes avec une enquete de la capacite du rat de rcsoudre le problemc de 
ralternation double Bicn qii'on ait obtenu jiisqu'ici seulement des resiiltats 
negatifs nvee le rat, les auteurs ont obtenu des resiiltats positifs dans 
[‘experience actiielle par I'emploi d'une m^thode noiivellc d^entrainment 
Quciqiies rats ont appris Pnlternation double en quatre boites s6par6es, une 
boites pour chaque riponse On les a trnnafci^s ensuite avec succes J deux 
boitea et enfin i seulcment une boite, en chaque cas 1'alternation double 
etant apprise Quelques rats, quoiqu' aveugles, ont pu coiirir parfaitement 
le labyrinthe temporel i alternation double quand il n'a existe en apparence 
nulle possibilite de suggestions ext^iieures* Les auteurs ne piesentent nulles 
analyses th^onques nouveils des facleiirs qui controlent ce type de com- 
portement Leura rfsultats, cependant, indiquent que si I’on entraine le 
rat sur une sene de quatre r^ponsca, en Poidre gauche gauche droite droite, 
il nc peut itendre la s^ne de reponses i un total de six ou huit, c'eat-^-dirc, 
de ggdd i ggddgg ou k ggddggdd II semble que le facteur qui controle le 
comportement soit limiti h k situation exp{rimcmale ou il a et^ ^tabli 
Ceci n’est pas vrai au cas des aujets humams ct des singes, comme kndi- 
quent clairement les experiences de Gcllerraann, 
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DIE WEISSE RATTE UND DAS LABYRINTH MIT DOPPELTER 
VVECHSELFOLGE (DOUBLE ALTERNATION MAZE) 

(Referat) 

Die Verfasser setzeii ihr Experiment dcr scnsoriell-neurologischen Rcgc- 
liing der senenhaften Tactigkeit foit, imlcm sie die Fachigkeit der Raltc, der 
Aufgabe dcr doppelten Wecliselfolge gciecht zu warden, unteisuchen Ob- 
wohl bis jetzt mit Ratten mu negative ResnUatc erzielt woiden suid, ist es 
den Verfassem mittels emer ncuen Metliode der Dressierung gcUingen, in 
den gegenwaertigen Unteisiichungen positive Resultate 7u erziclcn Eimge 
Ratten haben die doppehe Wcchselfolge in vier verschiedcncn Kaesten 
durchgefuehit, indem jeder Kasten eine andcre Reaction in Ansprnck nahm 
Es iBt den Veifassern dann gelungen, die Ratten ziierst in zwei Kaesten 
und denn In emen einzigen Kasten zu uebertragen wobci sie in jedem Fall 
die doppelte Wcchselfolge durchfuehrten Einigcn Ratten wai es Irotz Ei- 
blindimg mocglich, feKlcifiCi durch da*? LaViynnth zu rciinen, obgleich kcinc 
Moeglichkcit zu bestehen schien, sich nach Anweisungen von aiissen zii orien- 
tieren Die Veifassei bieten kerne nenen Analysen dei Faktoren, die dicae 
Form del Taetigkeit legeln Ihre Befunde weisen abci daraiif hin, dass 
wenn (he Ratte in eiiiei Sene bestehend aus vier Reaktionen (responses) 
ii\ dcr Anoidnung links, ImU—rccUts, rechta dcessiert worden ist, ea niclit 
moeglich ist> die Reaktionssene auf weeha oder acht Reaktionen zu cistrecken, 
dh von I 1 r r auf I I r r 1 1 oder 1 1 r r 1 1 r r ^ Es scheint, dass dns 
kontrolhciende EUment bei dcr Tactigkeit aicl\ kdighch mif die expciV" 
mentelle Situation bcschraenkt, in der sie festgdegt worden ist Dies ist 
bei menschlichen Versiichspei sonen und bei Affcn nicht dcr Fall, wic aus 
Gellermann’a Versiichen klar crsichtlich ist 
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A STUDY OF CERTAIN INCENTIVES APPLIED UNDER 
SCHOOLROOM CONDITIONS* 

From the Department of Psychology of Columbia University 


C J* Warden and A Couen^ 


While numerous studies of motivation have been made m connec¬ 
tion with work in the schoolroom, in few cases have tests been 
conducted under strictly schoolroom conditions As a iule> one 
important element of school life lias been if>norcd in that the tests 
weie given by an outsider rather than by the regulai teachei The 
aim of the present study was to determine the influence of ceitain 
incentives commonly used by grade teachers when applied by the 
teacher in the ordinal y couise of the daily routine* 

The group tested included 18 hoj^s and 20 giils comprising a 
fourth-grade room of one of the public schools of Wallington, New 
Jcisev, ranging from 9 to 13 yeais of age, the average age for both 
boys and girls being 10 yeais* The study was carried out during the 
school year of 1926-1927 The task consisted of drill woik m addition, 
m which the Thoindike Addition Sliects, with 48 single columns per 
sheet, were employed. In order to secure difFcicnt but equivalent 
sets of material to be used fiom time to time, the columns were cut 
into strips and glued by machineiy on heavy papei of the same size 
ns the original sheets in all possible nnnngements. The dull was 
limited to five minuteb and in every case immedlately followed the 
morning exercises which weie kept as constant as possible during the 
several weeks ovei which the test extended* Tile task and the general 
conditions under which it was performed weie thus kept uniform 
throughout 

The special or incentive condition vaiicd fiom day to day in ac¬ 
cordance with the schedule indicated in Table 1 During the first 
week no incentives were offcicd. This proceduie enabled the teacher 
to introduce the drills wdthout any special connection with the factor 
of incentives It also made it possible to secure a good index of 

•Received in the Editorial Office October 30, 1930 

^Thia experiment was planned and earned out in cooperatinn, the pinior 
author securing and tabulating the data, and the senior author being re¬ 
sponsible for the report in its present form 
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TABLE 1 

Schedule or Incentives 


Week Monday 

Tuesday 

Wednesday 

Thuisday 

Friday 

1 

No incentive 

No incentive 

No incentive 

No incentive 

No incentive 

2 

Story 

No incentive 

Story 

No incentive 

No incentive 

S 

No incentive 

Game 

Ng incentive 

Game 

No incentive 

4 

No incentive 

No incentive 

Story 

No incentive 

Game 

5 

Omitted 

Omitted 

Omitted 

Omitted 

Omitted 

6 

Omitted 

Reproof 

Omitted 

Praise 

Omitted 

7 

Omitted 

Omitted 

Easter Party 

Omitted 

Omitted 

8 

Omitted 

Omitted 

Omitted 

Omitted 

Omitted 

9 

Play 

Play 

Play 

Play 

Play 


Delayed 

Delayed 

Delayed 

Delayed 

Delayed 


noriMnccntivc performance and insuied a thoxough understanding of 
the requirements of the task* Emphasis tliioughout was placed upon 
accuiacy rather than speed, although speed w«is somewhat encouiaged 
Time was taken with a stop-watch On the first day the following 
instructions weie given 

"I have heie a page of single column additions I want you 
to do 1 am going to give you hve minutes You will not be 
able to do them all Do as many as you can in the five min¬ 
utes and do them as well as you can (at this point the papeis 
were passed out), Keep your papers turned over on your desk 
so that you cannot see the problems All pencils down when I 
say Stop* You will have five mimites Beady, papeis over, 
begin I’* 

The diiections weie sboitened to the following on the remaining 
days of the fiist week. 

“You have more problems to do today Ul^c those you did 
yesteiday Remember I Do as many as you can and do them 
as well as you can Ready, papeis over, begin 1“ 

On checking through the papers for the first week it was noted 
that the accuiacy of the work was lather low It seemed wise, there¬ 
fore, to alter the instiuctions for the icgulai series of tests by placing 
more emphasis upon accuiacy. The instructions thereafter ran about 
as follovvs 

“You will have more problems in addition to do today. I 
want to see how many you can git no hi m five minutes Did 
I say you must do the whole page? [Class “No”] What did 
I say? [Class “Do as many as we can but get them right'*] 

Yes, I want to see if you edn get 100, If you do well today I 




322 


JOURNAL OF GENETIC PSYCHOLOGY 


vvill lead you a story [oi whatever the incentive was at the 
time] ” 

The seveial incentives employed icquire little desciiption. A con¬ 
tinued stoiy^ which would natuially arouse most inteicst was always 
used. The game to be played was chosen by the children and, as it 
happened was always "Initial Tag'^ Reproof followed a week in 
which the task had been omitted and the children had good reason 
to suppose that their previous woik had been given a tliorough check¬ 
ing ovei It was administeied in the following language. 

“I have been looking ovei the addition didla you did last 
month. They weie very poorly done You seem to think the 
idea IS to do as many as you can even if you get them all 
wrong What good is a paper that has 26 done and only 2 
right, or 45 done and only 1 right There were some good 
scores, such as 26 done and 23 right. But most of you get too 
many wrong, Now, today I want to see how many you can get 
in five minutes*’ 

On Thuisday of the same week, the children were praised as fol¬ 
lows 

“You did much better the other day on the additions All of 
you improved a great deal The work was fine. Today I want 
to sec if you cahnot do still better Let's all try to get 100 
today ” 

The seventh week came just before Easter, and the plan of using 
the incentive of an .Easter party on Wednesday afternoon naturally 
suggested itself Aftei omitting the dulls for one week, they were 
run again each day of the ninth week with the incentive of a half- 
hour of outdoor play to be given on Friday afternoon The last 
senes, tlierefoie, Involved the factor of delayed incentive The re¬ 
ward was always given regaidless of the actual record made by the 
group. 

After the completion of the woik, the children were given the 
National Intelligence Test and the Dearborn Non-Language test so 
that any possible relationship between the motivation factor and the 
IQ might be deteimined The records weie also at hand so that 
comparisons could be made between the motivated and non-motivated 
drill scores and the yeaily grade m arithmetic and the general average 
for all school subjects 

Since it was desired to adhere strictly to schoolroom conditions, 
the plan was adopted of offering incentives only on certain days and at 
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irregular mteivals Omission of tlie drills at the times indicated In 
Table 1 also tended to keep the conditions natuial. In making com¬ 
parisons between incentive and non-inccntive scoies the factor of un¬ 
equal practice effect may enter to some extent. The preliminary 
week of practice was intended to overcome this defect m control by 
bringing the group to a high practice level before the special condi¬ 
tions weie introduced. In spite of the fact that simple addition of 
this geneial soit belongs to the cuinculum of this and earlici giades, 
the gains made duiing the prelijninaiy week of piactice were con- 
sideiable The average gam m speed for the boys was from a scoic 
of 10 on tlie first day to a score ot 15 on the last day, and the coi- 
responding scores for the girls were 9 and 14 The gam in accuiacy 
was about as great, the boys showing a gam of from 7 to 9 and the 
girls a gain of from 6 to 9. The number of items completed consti¬ 
tuted the speed score, and the number of coirect items the accuiacy 
score. 

The results obtained undei the several conditions are shown in 
Table 2. The scores for the same incentive when applied on diffcienfc 
days have been combined which tends to reduce any inequality of 
practice effect that may have been present Foi example, the scores 
for story as indicated in the table represent a combination of the 
scoies made on Monday and Wednesday of the second week and on 
Wednesday of the third week. In like manner, the scoie for ffa^ne 
involves tests spread over the thiid and fourth weeks It did not 
seem advisable to make use of praise and repioof but once, and an 
Eastei party could be given but once, of course. The factoi of delay 
was brought into the work of the nintli week in connection with the 
incentive of an hour of outdoor play to be given at the close of the 
week. The scores for the entire week were combined in computing 
the value of this rather commonly used incentive The non-incen¬ 
tive score represents a combination of 9 periods of work without 
incentive spread over the second, third, and fourth weeks 

It is rather clear fiom the data of Table 2 that tlie incentives 
were not especially effective, at least insofar as the factor of speed 
is concerned When all incentive scores are combined and compared 
with all non-incentive scores, the slight difference found is seen to 
favor the non-mcentive condition. This difference is entirely negli¬ 
gible m the case of the boys The incentives appear to be effective, 
however, in improving the accuracy score for both boys and girls 
alike This result agrees with the findings of others in studies of 
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motivation under the u^ual test conditions. The increase in accuracy 
under incentive conditions is more apparent m the percentage scores 
of Table 2. These scores were obtained hy dividing each accuracy 
scoie by the coiresponding speed score multiplied by 100 On the 
whole, the relative gam in accuiacy was greater for the girls. 

Tile value of the seveial incentives varies considerably not only 
within the same sex but also as between the sexes, as miglit be ex¬ 
pected. Game stands out as being the most effective, insofar as speed 
is concerned, the accuiacy scoie being average. Story is evidently 
the least effective, although not markedly so. When accuracy scores 
alone aie considered, piaise and reproof rank highest, although not 
very much above the average On tlie whole, the incentive of de¬ 
layed play appealed to have much more appeal foi the boys tliart 
foi the girls, as indicated by the absolute scoics. However, the lela- 
tive accuracy scoie is the same for both boys and girls and is the 
highest obtained in the tests It is interesting to note that the daily 
scores showed a consistent rise throughout the week as the time al¬ 
lotted for play was approached 

The correlations shown in Tabic 3 require little comment. The 
IQ lepresents a combination of the ratings secuied on the National 
Intelligence Test and the Dearborn Non-Language Test The cor¬ 
relations between drill scoie and arithmetic grade for the year, and 
between drill score and the general school record for the year, arc 
notably higher than those between drill score and IQ under all con¬ 
ditions In both instances the correlations are lughci for non-inccn- 
tive conditions in speed comparisons and for incentive conditions in 
accuracy compaiisons, This suggests that the incentives were mainly 
effective in inducing accuracy, and in many cases at the expense of 
speed. Any further* interpretation of the correlations does not seem 
possible, 

Several points of a more or less general nature should perhaps be 
noted. In the first place, it was evident that specific motivation was 


TABLE 3 


Coefficients of Correlation 


Speed Acciirncy 

Comparisons Incentive Non-incentive Incentive Non-mccntive 


Dull score—I Q (comb ) 20± 06 M± 04 »30± 01 

Drill scoie—Anth Gr 40± 09 42d:.09 SSd:,07 

Drill score—School Av 34±; 10 51± 08 45±: 08 


31± 09 
47± 08 
29± 10 



326 


JOURI^AL OF GENETIC PSYCHOLOGY 


not wholly excluded duiing tests on non-incentive days. The chtldren 
did not remark about the omission of incentives on these days, and it 
is quite possible that the general set earned over to the work of these 
days, Self'competition. was moie or less common, since in many 
cases the childien counted the number of columns they had com¬ 
pleted and seemed disappointed if the number were less than their 
previous lecoid This might have been prevented, but, after all, it 
IS essentially a part of the usual incentive condition in actual school¬ 
room practice, In the second place, it is not at all impossible that 
the increase in accuracy under incentive conditions was due not so 
much to the incentive itself as to the emphasis upon accuracy in the 
directions repeated each time This may also be the pioper explana¬ 
tion of other investigations in which increased accuracy rather than 
speed has been found, and often interpreted to be specifically due to 
the incentive employed. The conclusion seems to be warranted that 
these commonly used incentives are not as effective as might be sup¬ 
posed, at least insofar as the type of task investigated is concerned, 
when applied under schoolroom conditions. Had the task been of a 
different nature, or longer and more difficult, the results might also 
have been different. The present findings should also be restricted 
to the particular age and intelligence level tested. 

Columbia University 

New York City 

UNE liTUOE DE CERTAINS STIMULANTS APPLIQUISS DANS LES 
CONDITIONS DE LA SALLE DE CLASSE 

(Resum^) 

C'est une etude de tela stimulants qii le contc, le jeu, le reproche, T^loge, 
une fete k Paquea et une heurc de recreation en plein air k la fin de la 
scmaine, appliques au coiirs ordinaire dc la routine dc la sailc de classe 
La tflche se compoaait des ^‘Thorndike Addition Sheets” au^cquells on a 
devoue cinq minutes apr^s les cxercices du matin Lcs eleves ont mclus 
IS gargons et 20 filles, uae salle de clasae de quatridme annee de Tecole ^ie- 
mcntalre, chaque groupe ayant en moyenne dix ans Lcs stimulants out 
sembl^ augmenter I'exactitudc absolue et relative mais ont eu tres pen 
d^effet ou nul effet sur le reaultat de viteaac A tout prendre, le stimulant 
dn jeu s’est montr^ le plus eilicacc et le conte 1 moms cfficacc, lea moyennes 
des autres 6tant environ les memes Les correlations ont ete peu clev^es 
entre le resiiUat du teatj avec ou sans stimulant ct le Q L On a trouve 
dea correlations plus 61cvdea entie le r^sultat du test et les notes annuelles 
en caicul et ies notes g^n^ralea a Vecole Cellea-ci ont ete plus elcveea pour 
lea resultats de vitcsse sans stimulant, et les resultats d’exactitude avec stimu¬ 
lant 


Warden et Cohen 
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EINE UNTERSUCHUNG GEWISSER ANSPORNUNGEN BEI DEN 
VERHaLTNISSEN DES SCHULZIMMERS ANGEWENDET 

(Ref^rat) 

Die Verfasser untcrauchtcn Anspornungen (‘incentives') wie Gcschich- 
ten, Spiel, Vorwurf, Lob, Osterfest, imd cine Spiclstunde im Frcien am 
Ende dcr AVoche m ibier Anwendiing auf den gewohprichen Veriauf der 
Schulziininerroutine Die Aufgabe war die Addition von Ziffern niif den 
Thorndikescben Additionsblattern (‘Thorndike Addition Sheets’), denen S 
Minuteii [jedes Schultages] nach der Morgcnzercmonie (‘morning ex:erche8') 
zugeteilt wiirden Die Schuler waren die 18 Knaben iind 20 Macichen ernes 
Zimmers fur vierte Klasse, Das Durchschnittsaltci fur jede Gnippe war 
zehn Jahre Die Anspornungen schicncti so wohl die absolute wic die rela¬ 
tive Genauigkeit zu verstaiken, hatten aber kemen Einfliisa auf die Schnel- 
ligkeitszlffer Im grossen Ganzen zeigtc sich die Spielanaporniing als 
die wirkungsvollste und die Geachichte ala die am wenigsten wiikungsvollc 
Die Durchachniltszahlen fur die Andcren waren ungefahr glcich» Die Kor- 
relationen zwiachen Arbeitaziffer (‘drill score’) und Intelligcnzziifcr (‘in¬ 
telligence quotient*) waren mit odor ohne Anaporniing niedng, Iloberc 
Korrelationen erwiesen sich zwiachen der Arbcitsziffer und der Zensur im 
Rechen fur das Jahr^ und zwiachen Arbcitsziffer und Schuliang im Allge- 
tnemenr Diese [Korrelationen] waren fur schnelligkeitsztffern ohne An- 
apornung und fur Genauigkeitsziflfern mit Anspornung hoher 

Warden und Cohen 



THE DISCRIMINATION OF ABSOLUTE VERSUS RELA* 
TIVE SIZE IN THE RING DOVE, TURTUR RISORIUS* 

FiOm ih^ Aniwial Liberatory 0 / the Depaituient 0 / Psycholog^i 
I Columbia University 


C, J, Warden and C, N, Winslow^ 


The present expenment may be considered an extension of the 
work of Walden and Rowley (11) to the field of size discrimina¬ 
tion The foimer study dealt with the natuie of the cues m bright¬ 
ness discrimination undci somewhat novel test conditions* In the 
usual discmnination test the training phase involves the simultaneous 
presentation of a paii of stimuli, and It has often been found that 
the animal, when tested latei to othei pairs diffeiing in absolute 
value in the same dimension, responds to the relative lather than to 
the absolute aspect of the lattei. This means, of course, tliat points 
of relative diffeiencc enteied largely into the determination of the 
discrimination reaction in the case of the training pan. This type 
of response is often cited as an instance of the “relational judgment*^ 
by the Gestalt school. In the former stud 5 *^, attention was called to 
the possibility that this mode of response might be largely a function 
of the method of testing employed It ,is evident that the two- 
stimulus discrimination method, as usually applied, tends to favor 
the use of the relative rather than the absolute type of cue» The 
wide prevalence of this type of response may thus leftect the fact of 
a limited technique m testing discrimination instead of indicating 
a fundamental infra-luiman reaction type, as some have thought 

In Older to investigate this point, the usual discrimination test 
technique was modified, in both the present and the formei study, in 
a manner intended to emphasize the value of the absolute aspects of 
the positive stimulus in the experimental situation. This was done 
by presenting, along with a constant positive stimulus, one or another 
of two negative stimuli, the one having a maikedly lower value and 
the other a markedly higher' value than the positive stimulus, with 
respect to the particular factor to be discriminated, In the study of 

^Received in the Edhonal Ofiice September 15, 1931 

This experiment was planned and earned nut in cooperation, the task of 
securing and tabulating the data being performed by the junior author 
The senior author U responsible for the leport in its present form. 
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brightness, for example, the positive stimulus was always a medium 
gray (Hcring No 26), while the negative stimulus might be either 
a very daik gray (Hexing No SO) or a very light gray (Henng No 
1) It is clear that a discrimination habit, if established at all under 
such conditions, cannot be based upon the relative aspects of the 
situation, since this is being reversed from trial to trial. The use 
of punishment for all responses to the negative stimulus, whether 
lowei or higher in value tlian the positive stimulus, also tends to 
enhance the absolute aspect of the lattei 

The Yerkes-Watson vision apparatus was used in the present 
study, as formerly, and the general conditions obtaining weie similai 
to those previously reported The apparatus was placed in a dark 
room and the teaction compartment illuminated by means of 3 West- 
inghouse Mazda bulbs (25-watt, llO-volts, frosted) centrally lo¬ 
cated above in such wise as to eliminate shadow effects. The birds 
soon learned to leave the darkened entrance compartment whenever 
the door leading into the lighted icaction compartment was raised 
The behavior of the doves was observed through a one-way light 
scieen, 

The three stimuli employed weie equilateral triangles cut in acid 
blackened copper plates and, in general, of the usual type ordinarily 
used in this apparatus The triangle employed as the positive stimu¬ 
lus had an area of 11,691 sq cm and measuied 5 196 cm on the 
side* The smaller of the other two triangles had an area of 7 0686 
sq. cm and measured 3 0 cm. on the side, while the larger had an 
area of 28 2743 sq cm and measured 8 081 cm on the side It is 
clear, therefore, that the difference between the positive stimulus 
and eitlici of the two negative stimuli was great enough so as not 
to present an especially difficult problem in disci imination to tlic birds 
In order to avoid position cues, the positive stimulus was shifted from 
side to side in the following irregular oidei Lj R, Rj Lj Rj L, Rj Rj 
L, Lj Lj Rj R, Lj R Tlic control of temporal order, in the case of 
the negative set, was accomplished by picscnting the laigei or 
smaller m accordance with the following scheme. «?, L, S, L, Sj Lj L, 
Sj Sj Sj Lj Sj Lj Sj L THc tiiangles were illuminated from belimd 
by means of two identical lights located at points equidistant from the 
stimulus plates 

The ling dove was used in this as in the foimcr study The 
doves had been rcaied in the laboratoiy and were about four months 
of age at the beginning of the tiainmg period Training was begun 
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on four doves but two of these had to be discarded after the sixth 
week on account of the fact that they exhibited such consistent inactiv¬ 
ity in the appaiatus. In general, the same sort of difficulty foimerly 
repoited was experienced in the attempt to piopcrly motivate the 
birds. The effect of staxvation periods of the same length on activ¬ 
ity appaiently vanes much moie in the dove than in the chick or the 
white rat A starvation period of 48 hours was employed in the 
present study, and this did not seem to leswlt in any impairment of 
health on the part of the birds In order to increase activity during 
the test, the plan was adopted of scattering a bit of food on the flooi 
of the living cage in the piesence of the buds befoie they were taken 
into the dark room for testing 

Differential motivation was employed thioughout the training, the 
leward consisting of a few grams of the regular food mixture fol¬ 
lowing conect response, and the punishment being a suitable clectiic 
shock, administered by means of grills situated m front of the stimu¬ 
lus plates, as is usual in such tests The current was provided by 
the electiical system which has been dcsciibcd in connection with 
the Columbia Obstruction Apparatus (7), tlic E M F. reading at 
700 volts and the multipoint switch being set at points 6, 7, and 8, 
in which case the current value is 2, 3, and 5 m.a , respectively 
At the beginning, unit 6 was employed, but it was found necessary 
to make use of units 7 and 8 m some cases as the experiment pro¬ 
gressed in order to break up position habits* As a rule, the doves 
appeared to become easilv adapted to a given intensity of shock, 
and even at the highest intensity employed did not appear to be 
frightened in the least. The food had to be placed fairly close to 
the positive stimulus, but always out of sight of the bads, because 
of the fact that doves tend to avoid the darkened food boxes faithcr 
back 

The regular training was picceded by a pielimlnaiy period of 
adaptation to the situation consisting of five trials per day foi six 
days During these trials punishment was not given and food was 
placed in both compartments of the apparatus* Two training periods 
per day were arranged, the one coming in the eaily foienoon and 
the other in the late afternoon, or early evening. Tlie lengtii of the 
training period varied considciablv fiom day to day depending upon 
the general activity of the buds, which appeared to be determined 
in part by temperature jmd geneial climatic conditions. The daily 
schedule of trials is indicated la Tables 1 and 2. 
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table 1 


Record of Dovn No 1 (January H to May z, 1930) 


Date 


Expasui e 
series 

Laiger 

Standard 

tight 

R W 

variable 

Standard 

left 

R W 

Smallei 

Standard 

right 

R W 

variable 

Standard 

left 

R W 

Total 
R VV 

Jnn 

H 

1-5 

1 

1 

2 

1 

3 

2 

Jnn 

15 

6-9 

1 

1 

1 

1 

2 

2 

Jan 

15 

10-13 

1 

1 

1 

1 

2 

2 

Jan 

17 

14-18 

1 

1 

2 

1 

3 

2 

Jan 

18 

19-22 

1 

1 

1 

1 

2 

2 

Jan 

19 

23-25 

1 

1 

1 


2 

1 

Jan 

20 

25-31 

2 1 

1 

1 

1 

3 

3 

Jan 

21 

32-35 

1 

1 

1 

1 

2 

2 

Jan 

22 

36-39 

1 

2 

1 


2 

2 

Jan 

Jan 

23 

24 

^0-42 

43-48 

1 

1 

2 

2 

I 

2 

2 

2 

1 

4 

Jan 

25 

49-51 

1 


1 

1 

2 

1 

Jan 

26 

52-55 

1 

2 

1 


2 

2 

Jan 

27 

56-61 

1 

1 

2 

2 

3 

3 

Jan 

28 

52-65 

2 


1 

2 

3 

2 

Jan, 

29 

67-71 


2 

2 

1 

2 

3 

Jan, 

30 

72-77 

2 

1 

1 

2 

4 

2 

Jan 

31 

78-81 

1 

1 

1 

1 

2 

2 

Feb 

1 

82-86 

I 

I 

1 

2 

2 

3 

Feb 

2 

87-94 

3 

1 

2 

2 

5 

3 

Feb 

3 

95-102 

2 

2 

2 

2 

4 

4 

Feb. 

4 

103-109 

2 

2 

1 

2 

3 

4 

Feb. 

5 

110-117 

2 

1 

2 

1 2 

5 

3 

Feb 

5 

138-124 

1 1 

2 

2 

1 

3 

4 

Feb 

7 

125-131 

2 


2 

3 

4 

3 

Feb 

8 

132-139 

2 

1 

2 

3 

4 

4 

Feb 

10 

140 - 144 

2 

1 

I 

1 

3 

2 

Feb 

n 

145-154 

3 

2 

2 

3 

5 

5 

Feb 

n 

155-164 

2 

2 

3 

3 

5 

5 

Feb 

13 

165-173 

3 

2 

3 

1 

6 

3 

Feb 

14 

174-182 

3 

2 

I 

3 

4 

5 

Feb, 

15 

183-188 

2 

1 

2 

1 

4 

2 

Feb 

17 

189-197 

2 

2 

3 

2 

5 

4 

Feb 

IS 

198-206 

3 

1 

2 

3 

5 

4 

Feb. 

19 

207-215 

2 

1 

3 

3 

5 

4 

Feb 

20 

216-225 

a 

2 

3 

2 

6 

4 

Feb 

21 

225 - 234 

a 

2 

3 

2 

5 

4 

Feb 

22 

235 -244 

2 

2 

3 

3 

5 

5 

Feb 

23 

245-253 

3 

2 

Z 

2 

5 

4 

Feb 

24 

254-262 

3 

1 

2 

3 

5 

4 

Feb, 

25 

263 -270 

2 

2 

3 

1 

5 

3 

Feb 

26 

271 -281 

3 

2 

2 

4 

5 

6 

Feb 

27 

282-292 

3 

2 

3 

3 

6 

5 

Feb 

28 

293-304 

2 

3 

4 

3 

6 

6 

Mar 

1 

305-314 

3 

2 

3 

2 

6 

4 

Mai 

2 

315-322 

3 

1 

2 

2 

5 

3 



332 


JOURNAL OF GENETIC PSYCHOLOGV 


TABLE 1 {coittinupd) 

Record op Dovp No 1 (January 14 to May 2, 1930) 


Larger variable Smaller variable 
Standard Standard Standard Standard 
Eyiposure right left right left Total 
Date senes RWRW 11 WRWKW 


Mar 

3 

323^331 

2 



2 

2 



3 

4 

5 

Mar 

+ 

132-340 

2 



2 

3 



2 

5 

4 

Mar, 

5 

341^351 

3 



2 

2 



4 

5 

6 

Mar. 

6 

352-363 

2 



3 

4 



3 

6 

6 

Mar 

7 

364-375 

3 



3 

3 



3 

6 

6 

Mar 

8 

376-3X7 

4 



2 

4 



2 

8 

4 

Mar, 

9 

388- 399 

3 



2 

3 



4 

6 

6 

Mar. 

10 

+00-+u 

4 



2 

2 



4 

6 

6 

Mar, 

U 

412-419 




3 

3 



2 

3 

5 

Mar, 

12 

420-429 

3 



1 

2 



4 

5 

5 

Mar 

U 

430-441 

4 



3 

3 



2 

7 

5 

Mar 

U 

442-452 

3 



1 

3 



4 

6 

S 

Mar, 

15 

453-46+ 

3 



3 

3 



3 

6 

6 

Mar, 

16 

465-477 

3 



3 

3 



4 

6 

7 

Mar 

17 

478-491 

4 



3 

4 



3 

8 

6 

Mar 

18 

492-505 

3 



3 

4 



4 

7 

7 

Mar, 

19 

506-518 

4 



3 

2 



4 

6 

7 

Mnr. 

20 

519-532 

4 



2 

4 



4 

8 

6 

Mar 

Zl 

533-542 

3 



2 

3 



2 

6 

4 

Mar, 

22 

543-556 

4 



3 

3 

1 


3 

7 

7 

Mar 

23 

557-569 

3 



3 

1 

2 

1 

3 

5 

8 

Mar 

24 

570-583 

2 


1 

2 

S 



4 

8 

6 

Mar 

25 

584-597 

3 

1 

1 

1 

3 

1 

2 

2 

9 

5 

Mar 

26 

598 -608 

3 


1 

1 

1 

1 


4 

5 

6 

Mar 

27 

609 - 622 

3 

1 


2 

4 



4 

7 

7 

Mar 

28 

623-635 

4 



2 

3 


2 

2 

9 

4 

Mar, 

29 

636-648 

2 

1 


3 

4 


1 

2 

7 

6 

Mar. 

30 

649 - 662 

4 



3 

4 



3 

8 

6 

Mar 

31 

663 -677 

4 



3 

4 


2 

2 

10 

5 

Apr, 

1 

678 - 692 

4 



3 

4 


1 

3 

9 

6 

Apr, 

2 

693 -707 

2 

2 

2 

1 

4 


1 

3 

9 

6 

Apr 

3 

708-721 

3 



3 

4 


1 

3 

8 

6 

Apr 

4 

722-736 

4 



3 

3 

1 


4 

7 

8 

Apr, 

5 

737-750 

4 



2 

4 



4 

8 

6 

Apr 

6 

751 -765 

3 

1 

1 

2 

4 


2 

2 

10 

5 

Apr 

7 

766 - 780 

4 


1 

2 

4 



4 

9 

6 

Apr 

S 

781-795 

4 


1 

2 

4 


3 

1 

12 

3 

Apr, 

9 

796-810 

2 

2 

1 

2 

3 

1 

4 


10 

5 

Apr 

10 

811-825 

3 

1 


3 

3 

1 

1 

3 

7 

8 

Apr 

n 

826-840 

4 


1 

2 

4 


2 

2 

U 

4 

Apr 

12 

841 -855 

3 

1 


3 

4 



4 

7 

8 

Apr 

13 

856-870 

4 



3 

4 



4 

8 

7 

Apr 

14 

S71-885 

4 


1 

2 

3 

1 


4 

8 

7 

Apr. 

15 

886-900 

3 

1 


3 

4 



4 

7 

8 

Apr, 

16 

901-915 

2 

2 

1 

2 

4 


3 

1 

10 

5 

Apr 

17 

916-930 

3 

1 

1 

2 

4 


2 

2 

10 

5 
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TABLE 2 

Record of Dove No 2 (January 18 to May 1, 1930) 

Larger variable Smaller variable 
Standard Standard Standard Standard 
Expo sit I e right left right Je/t Total 
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TABLE 2 (contiJiued) 

Record of Dove No 2 (January 18 to May 1, 1930) 


Larger variable SmnJlei variable 
Standard Standard Standard Standard 
Exposure right left right left Total 
Date senes RW RW RWRWKW 


Feb, 

3 

95-102 


1 

1 

1 

2 

1 


2 

3 

5 

Feb. 

4 

103-110 

3 



1 

1 

1 


2 

4 

4 

Feb. 

5 

111-118 

2 


1 

1 

2 



2 

5 

3 

Feb 

6 

119-126 

2 



2 

2 



2 

4 

4 

Feb 

7 

127-134 

2 



1 

2 



3 

4 

4 

Feb 

8 

135-142 

2 

1 

1 

1 

1 

1 


1 

4 

4 

Feb 

/ 9 

1+3 - ISO 

2 



1 

2 


2 

1 

6 

2 

Feb 

10 

151-158 

2 



2 

3 



1 

5 

3 

Feb, 

11 

159-168 

3 



1 

2 


1 

3 

6 

4 

Feb 

12 

169-178 

2 



3 

2 

1 


2 

4 

6 

Feb, 

13 

179-188 

3 



2 

3 


1 

1 

7 

3 

Feb 

14 

189-198 

3 



1 

2 



4 

5 

5 

Feb 

15 

199-208 

2 



3 

3 



2 

5 

S 

Feb, 

t6 

209-218 

3 



2 

2 

1 


2 

5 

5 

Feb. 

17 

219-228 

3 



1 

2 



4 

5 

5 

Feb 

18 

229-238 

2 



3 

3 



2 

5 

5 

Feb 

19 

239-248 

3 



2 

3 



2 

6 

4 

Feb, 

20 

249-258 

3 



1 

2 


1 

3 

6 

4 

Feb 

21 

259-268 


2 

1 

2 

1 

2 

2 


4 

6 

Feb. 

22 

269-278 

3 


1 

1 

1 

2 

1 

1 

6 

4 

Feb. 

23 

279-288 

1 

2 


1 

1 

1 

2 

2 

4 

6 

Feb 

24 

289-298 

1 

1 

1 

2 

1 

2 


2 

3 

7 

Feb. 

25 

299 -306 

2 



2 

2 



2 

4 

4 

Feb. 

26 

307- 317 

1 

3 

1 



2 

2 

2 

4 

7 

Feb 

27 

318-328 

2 


1 

2 

3 

1 


2 

6 

5 

Feb 

28 

329- 338 

1 

2 


2 

3 


2 


6 

4 

Mar 

1 

339- 3+8 

3 


1 



2 

3 

1 

7 

3 

Mar 

2 

349- 358 

1 

1 

2 

1 

2 

1 

1 

1 

6 

4 

Mar, 

3 

359 - 368 

1 

2 


2 

1 

2 

2 


4 

6 

Mar 

4 

369 - 378 

2 

1 

1 

1 

1 

1 

3 

1 

7 

3 

Mar, 

S 

379- 390 


3 


3 


3 

2 

1 

2 

10 

Mar 

6 

391 -402 


2 

3 


1 

3 

2 

1 

6 

6' 

Mar 

7 

403-414 

2 

2 

2 


2 

1 

2 

1 

8 

4 

Mar, 

8 

415-426 

1 

2 

2 

1 

1 

2 

2 

1 

6 

6 

Mar, 

9 

427-438 

2 

2 

1 


2 

1 

2 

2 

7 

S 

Mar 

10 

439 -450 

2 

1 

2 

1 

1 

2 

3 


8 

4 

Mar 

U 

+51-462 

1 

1 

1 

2 

1 

3 

1 

2 

4 

8 

Mar, 

12 

463-474 

2 

2 


2 

1 

2 


3 

3 

9 

Mar 

13 

475-486 

2 

1 


3 

2 

1 

1 

2 

5 

7 

Mar 

14 

437 - 498 

4 


I 


1 

2 

3 

1 

9 

3 

Mar 

15 

499 - 510 


2 

4 



4 

2 


6 

6 

Mar, 

16 

511-524 

1 

2 

2 

1 

1 

3 

1 

3 

5 

9 

Mar, 

17 

525 - 538 

1 

3 

2 

1 

2 

2 

2 

1 

7 

7 

Mar, 

18 

539- 552 

3 



3 

2 

2 


4 

5 

9 

Mar, 

19 

553 - 566 

2 

2 

2 

1 

1 

2 

1 

3 

6 

8 

Mar 

20 

567- 580 

1 

3 

1 

1 


4 

3 

1 

5 

9 
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TABLE 2 {coitiinuetl) 

Record of Dove No 2 (January 18 to May 1, 1930) 


Date 


Exposure 

series 

Larger 
Standni d 
right 

R W 

variable 

Standard 

left 

R W 

Smaller variable 
Standard Standard 
right left 

R W R W 

Total 

R W 

Mar 

21 

581-59+ 

1 

3 

3 


1 

3 

2 

1 

7 

7 

Mar 

22 

595 - 608 

1 

3 

1 

2 

1 

3 

2 

1 

5 

9 

Mnr, 

23 

609-622 

3 

1 

2 

1 

2 

1 

3 

1 

10 

4 

Mat 

2+ 

623 -636 


3 

3 



4 

3 

1 

6 

8 

Mnr 

25 

637- 650 

3 

1 

1 

1 

2 

2 

1 

3 

7 

7 

Mar 

26 

651 -66+ 

3 

1 

3 


2 

1 

3 

1 

11 

3 

Mar 

27 

665-678 

3 

1 


2 

2 

2 

1 

3 

6 

8 

Mar 

28 

679-692 

4 


2 

1 

2 

1 

2 

2 

10 

4 

Mar 

29 

693 - 706 

1 

2 

2 

1 

2 

2 


4 

5 

9 

Mar 

30 

707-720 

1 

S 


3 

2 

2 

1 

2 

4 

10 

Mar 

31 

721-735 

3 

1 

2 

1 

4 


1 

3 

10 

5 

Apr 

1 

736-750 

3 

1 

1 

2 

2 

2 

1 

3 

7 

8 

Apr, 

2 

751-765 

3 

1 

2 

1 

2 

2 

1 

3 

8 

7 

Apr 

3 

766-780 

3 

1 


3 

1 

3 


4 

4 

11 

Api 

+ 

781-795 

3 

L 

1 

2 

4 



4 

8 

7 

Apr 

5 

796-810 

3 

1 

1 

2 

3 

1 

1 

3 

8 

7 

Apr 

6 

811-825 

4 



3 

3 

1 

2 

2 

9 

6 

Apr 

7 

826 - 840 

4 


1 

2 

3 

1 


4 

$ 

7 

Apr, 

8 

841-855 

4 



3 

4 



4 

8 

7 

Apr 

9 

856-870 

3 

1 

1 

2 

4 


1 

3 

9 

6 

Apr 

10 

871 -885 

4 



3 

2 

2 

1 

3 

7 

8 

Apr, 

n 

886-900 

3 

1 

2 

1 

4 


1 

3 

9 

6 

Apr 

12 

901-915 

4 


1 

2 

4 


1 

3 

10 

5 

Apr 

13 

916-930 

4 


1 

2 

4 


1 

3 

10 

5 

Apr, 

14 

931-94S 

3 

1 

2 

1 

4 


1 

3 

10 

5 

Apr 

15 

946 - 960 

4 


1 

2 

1 

3 

2 

2 

$ 

7 

Apr 

16 

961-975 

2 

2 

1 

2 

3 

I 

1 

3 

7 

8 

Apr 

17 

976-990 

3 

1 


3 

3 

1 

1 

3 

7 

8 

Apr, 

18 

991 - 1008 

5 


1 

2 

4 

1 


5 

10 

8 

Apr 

19 

1009-1026 

3 

1 

3 

2 

5 


1 

3 

12 

6 

Apr 

20 

1027-1044 

4 

1 


3 

3 

2 

1 

4 

8 

10 

Apr 

21 

10+5-1062 

3 

1 

2 

2 

4 

1 


5 

9 

9 

Apr 

22 

1063-1080 

4 

2 


3 

2 

2 

1 

4 

7 

11 

Apr 

23 

1081-1095 

4 


1 

2 

4 



4 

9 

6 

Apr, 

24 

1096-1110 

4 



3 

4 



4 

8 

7 

Apr 

25 

1111-1125 

3 

1 

1 

2 

4 



4 

8 

7 

Apr 

26 

1126-1140 

4 



3 

4 


2 

2 

10 

5 

Apr 

27 

11+1-11+8 

2 



2 

3 


1 


6 

2 

Apr, 

28 

11+9-1163 

4 


1 

2 

3 

1 


4 

8 

7 

Apr 

29 

1164-1178 

2 

2 

1 

2 

4 


3 

1 

10 

5 

Apr 

30 

1179-1193 

3 

1 

2 

1 

4 


2 

2 

11 

4 

May 

1 

1194- 1200 

2 

1 



1 


1 

2 

4 

3 

Total 


1200 

224 

96 

88 

152 

211 

110 

111 

208 

634 

566 

Cardboard 












forma 

1-25 

4 

2 

3 

2 

6 

1 

3 

4 

16 

9 
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In 01 del to eliminate anv possible cues from the particular set of 
stimulus plates employed, the following contiols were intioduccd. 

eithci side of the plates (both sides being acid blackened) was 
presented indiscriminately duiing the tiaining, (^) a second set of 
copper plates was substituted foi the original training set from 
Tiial 1000 to Trial 1175, the fiist set being then used for the last 
25 tiials of the 1200-trial tiaming period, and (c) a contiol series 
of 25 trials, in which carefully pieparcd caidboard forms vyeie sub' 
stitnted for tlie coppei plates, was run aftei the completion of the 
training pciiod As Johnson (8) ha? pointed out, the luminosity 
factor yaiies under the conditions of testing size discrimination on the 
Yerkes-Watson apparatus While no control tests were run to 



FIGURE 1 


Pfrcentagb of Correct Responses 

Tiials are shown on abacissn and percencoge of correct responses on 
ordinate, Solid hne=dovB No 1, broken line=dcve No 7, 
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check against this factoi, the relative luminosity of the negative stimu¬ 
lus was necessarily leverscd whenever the large and small plates were 
mteichanged, and theiefoie control tests were not required under the 
conditions Since the substitution of plates, as mentioned above, 
was ineffective in increasing the crior score, and since the proper 
precautions were taken with respect to other possible sources of 
enor, it seems evident that the doves were responding upon the basis 
of size difference 

The daily records of the two buds arc detailed in Table 1 and 
2, and the percentage of coriect responses for each successive bun¬ 
dled tiials shown in connection with the graph of Figuie L It will 
be noted that dove No, 1 gave little evidence of forming the dis¬ 
crimination habit until about the 700th trial, and not very definitely 
until after the 1000th trial. Thereafter the curve rises rapidly up 
to the point of 76% correct and, from all appearances, might have 
gone still higher had the tiainmg been continued Tire record of 
dove No 2 is less satisfactory because of frequent relapses, due in 
the main to position habits, At the end of the tiaining series, it 
was making only 62% coriect choices, the most gam being shown 
on the last hundred trials, which suggests that further training would 
probably have led to an improved scoie. It should be noted that these 
final scores aie based upon aveiages foi 100 trials and not, as is usual 
upon 10 01 20 trials, and foi this reason must be regarded as more 
dependable than most final performance scores in discrimination tests. 
If the record of the last two days of the tiainmg period be taken, 
instead, as the basis of computing the final score, both of the doves 
make a much better showing. Of the 31 trials given on the last 
two days, in the case of dove No 1, 27 responses, or 87%, weie 
coirect, while on the last day 9 trials out of 10 were correct Of 
the 22 trials given on the last two days to dove No. 2, 15 responses, 
pr 68%, wcie coiiect. As measured by the usual norms of mastery 
in discrimination woik, the results thus appear to be typical in every 
respect, unless it be m the matter of the relatively large number of 
trials required to set up the habit 

In the former study tlieie was evidence of some slight preference 
foi the lighter of the two stimuli, but in the present case there ap¬ 
peared to be no tendency to go to one of the negative stimuli more 
than to the othei. The facts covering this point arc shown in the 
graph of Figure 2. In 589 trials, oi 49% of the total of 1200 trials, 
dove No 1 made a positive response to the larger of the triangles 
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presented, and the corresponding figures for dove No 2 aie 570 
trifils, or 47.5%, This is as near a chance distribution of responses 
as could be expected in so short a senes This means that undei the 
present conditions, in which the absolute aspects of the positive stimu¬ 
lus were emphasized m much the same manner as the relative factor 
is emphasized under the usual two-stimulus method, the birds showed 
no tendency whatsoever to make use of cues of the lektive type 
The results of both this and the former study may be consideied 
as so much evidence m favoi of the view that the so-called ^Relational 
judgment'’ is in large part a function of the specific technique of the 
two-stimulus discrimination method, rather than the fundamental 



FIGURE 2 

Pehcbntage of Responses to the Larger Variable 
Tritt\8 are shown on abscissa and percentage of responses to larger triangle 
on ordinate Solid Une=dove No. 1, broken hne^dove No ^ 
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renction-tvpe tliat it is supposed to be m some quarters. When the 
mode of presentation is such that the relative type of cue is empha¬ 
sized, discrimination habits aie likely to be based upon such factors. 
However, when the mode of presentation is such as to emphasize the 
absolute type of cue, discrimination habits tend to be based upon 
these factors. This interpretation is suppoited by the work of Wash- 
bum (12), Johnson (8), and Gayton (6), in which the usual two- 
stimulus method was complicated m a somewhat similar manner, and 
in which absolute cues weie found to be more or less operative as a 
natural lesult The claim so often made that the *helational judg¬ 
ment” is more typical or natural than the response to absolute charac¬ 
teristics of the stimuli may also be called in question Either seems 
to be typical and natural undei different conditions of testing. It 
may be that an animal in its natural environment is less often re¬ 
quired to make use of absolute than relative stimulus'characteristics, 
but no one has ever shown this to be the case, and it cannot be taken 
for granted. 

The recent criticism of Perkins and Wheeler (10) of the former 
paper by Warden and Rowley (11) should perhaps be mentioned in 
this connection. As pointed out by Warden in the above article, the 
work of the Gestalt psychologists on this type of the so-called ‘Re¬ 
lational judgment” in animals was antedated many years by similar 
and better controlled tests by the following American comparative 
psychologists, here listed in chronological order: Kinnaman (9), Cas¬ 
teel (4), Breed (3), Washburn and Abbott (12), Bingham (1, 2), 
Coburn (5), and Johnson (8). Kinnaman, who first observed it, 
evidently regarded it as judgmental in nature for he goes so far as 
to say that it piobably indicated “a gcneial notion, of a low order, 
which might be represented by food-always-in-the-hghter” in connec¬ 
tion with brightness tests on monkeys. This sounds strangely like the 
later Gestalt interpretations of the phenomenon, although the term 
“relational judgment” is not specifically used It seems leasonablc to 
suppose that a concept, even of a low order, would be regarded as 
involving “insight” by psychologists of any of the subjective schools 
Johnson also appeared to make much of tins type of response, rating 
it as probably higher than ^ response based upon absolute bright¬ 
ness value 

While It is true that American investigators have not founded a 
school of psychology on the basis of this and i elated types of response, 
it IS idle to say that they have ignored it, or that their lesults were 
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**inciderital nnd unsystematic*^ As a matter of fact, the most sys¬ 
tematic and conti oiled results on the pioblem aie those of these early 
American investigators, since the foreign work referred to in the 
former a\ticle was quite uncontrolled m a number of important ways, 
as there pointed out Fuithcimore, I know of no American psy- 
(ihologlsts who are “howhug foi ciedit** m this connection as Perkms 
and Wheeler declare I consider it rathei unfortunate, however, that 
the matter of priority has become confused in this and other in¬ 
stances because the Ge&talt group of animal woikers have shown a 
disposition to ignore the American work, and have presented their 
results as discoveries of unusinal impoitance, when, as a matter of 
fact, their findings, in this case at least, weie neither new nor of 
special importance 
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la discrimination de grandeur absolue et de grandeur 

RELATIVE CHEZ LE PIGEON TUTUR RISORIUS 


(Resume) 

On a entrnine des pigeons^ a cliscnminer dans des conditions qiii ont 
favonse lemploi des suggestions absoliies en contraste avec la ri6thode 
ordinaire de deux stimu i la(iiieHc favonse I’emploi des suggestions relatives, 
On a employ^ iin stimii us positif composi d’un triangle de grandeur moy- 
enne, et deux stimuli nigatifs, I’lm un tris petit triangle et I'autrc un trL 
grand, le stimulus positif ^tant prisent6 avec tantot I'un stiiniilus negatif 
et tantot lautie L habitude a ite etablie dans ces conditions, ce nui sue- 
gSre que Ic soi-disant "jugement relationneP des psycliologues de la Gestalt, 
en tant qu il s agit de la discrimination chez les animaux, cst an moms en 
pnrtic tine lonction de la mdthodc de deux stimuli on presente deux paires 
en mcme temps, piiisqn’on ne I’obtient que quand on emploie cettc mithodc-ci, 

Warden et Winslow 


UNTERSCHEIDUNG VON A13SOLUTER IM GEGENSATZ ZUR RELA- 
TIVEN GROSSE BEI DER RINGELTAUBE, TURTUR RISORIUS 


(Referat) 

Es wuiden Ringeltauben in der Unteischeidnng dressiert, iinter Ver- 
haltnhsen, welche den Gebrauch von absoluteii im Gegensatz zu lelativen 
Weisungen ("cues”) begunstigtcn Em positiver Reiz, bestcliend aus einem 
Dreicck von mittclmaasiger Giosse, und zwei negative Reize, der eine aus 
einem sehr kleinen, dei andcre aus einem sehr giossen Drcieck besteliend, 
wiirden gcbraucht Dei positive Reiz wiirde nun mit einem, nun nut dein 
anderen negativen Reiz daigeboten Die Gcwohnhcit foimtc sich unter 
diesen Verhaltnissen, welche andeiitcn, dass das so-genannte "Bezichungs- 
UTteil” (“relational judgment”) der Gestaltpsychologic was die Arbeit an 
Untcrschcidung bei Tieren anbelangt, weiiigstens tcilweise cine Fiinktion 
tier Methode-mit-zwei-Reizen (“the two-stimulus method”), ist, wobei Paare 
211 gleicher Zcit dargeboten werden, da diese Urtcilsform imr bei Gebrauch 
diescr Ict/terqn Metliode erhalten vnrd 
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AN APPARATUS FOR TESTING VISUAL DISCRIMINA^ 
TION IN ANIMALS^ 

From the Psychological Laboratory of the UjnversHy of Pittsburgh 
Norman L, Munn^ 


Introduction 

The Yeikes-Watson apparatus (17) for testing animal disciim- 
mation has recently been subjected to criticism from Fields (2) and 
Lashley (6), Both of these experimenters have offeicd appaiatus to 
take the place of that of Yerkes and Watson 

Fields (2) criticized the Yerkes-AVatson device because of its need¬ 
less complexity and because it does not take account of the focalizing 
abilities of an animal Fields* own apparatus had the advantage of 
being simpler than that of Yerkes and Watson, Furthermore, it 
enabled the animal to come within close proximity of the stimuli 
before being called upon to make a discrimination In the Yerkes- 
Watson apparatus it had not been possible, even after 1000 trials, to 
demonstrate evidence of good pattein vision in the rat. In Fields* 
apparatus what seemed like evidence of good pattein vision could be 
obtained in 800 tiials. Because of several defects in Fields* apparatus, 
defects which olfered the possibility of a discrimination by extraneous 
cues such as size, biiglitness, handling, cutaneous cues, and cues from 
the operation of the apparatus, I was foiced to contest the finality of 
Fields' results on pattern vision (7) Using a modification of Fields* 
apparatus, in which the above-mentioned extraneous cues weie con¬ 
trolled from the outset, I could not, in 1200 trials, obtain any posi¬ 
tive evidence of pattern vision m rats (9) oi in raccoons (8). The 
results did not differ from those winch I had obtained with the 
Yerkes-Watson apparatus Fields (4) answered some of mv ciiti- 
cisms, and I replied (11), but our discussion did not bring a solution 
to the problem in winch we were both inteiested, viz, whether rats 
could or could not discriminate visual patterns of equal aiea and 
bnghtness The solution came fiom Lashley (6), 

♦Accepted for publication by Walter S Huntci of the Editoimi Boaid 
and received in the Editorial Office, September 22, 1930 

am indebted to Di Davenport Hooker of the Depaitment of Anatomy 
of the University of Pittsburgh for providing the space and the animals 
which made this research possible 
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Shortly after the above-mentioned discussion, I received fiom 
Lashley plans of a new apparatus by means of which he had ob¬ 
tained evidence of good pattern vision in rats in from 20-60 trials, 
At Lashley's request, I lepeated his experiment in part and amply 
veiified his lesults 

Duiing a discussion concerning Lashley’s apparatus, Di Walter 
S* Huntei suggested that I should undeitake to ascertain why Lash¬ 
ley’s appaiatus yields in 20-60 trials what the Yerkes-Watson appara¬ 
tus does not yield m over 1000 trials I undeitook to do tins by 
means of a gradual modification of the Yerkes-Watson apparatus. 
The result is an apparatus wlucli combines featuies of Laslilcy’s and 
Fields’ apparatuses, which yields lesults comparable with those of 
Lashley’s apparatus, which requiies much less preliminary tiaining 
than docs Lashlev’s technique, and which can be used with animals 
not adapted to Lashley^s apparatus. Incidcntly, this apparatus throws 
some light upon the leason foi the difference in results between the 
Yerkes-Watson apparatus and the Lashley apparatus,^ Before dis¬ 
cussing this new appaiatus, a biief discussion of the main features 
of the Yeikes-Watson and Lashley apparatuses will be advisable In 
the Yerkes-Watson apparatus the animal enters a discrimination 
chamber where it is confronted bv two stimuli, each of which ap¬ 
pears at the end of a short alley If the animal approaches the "posi¬ 
tive” stimulus, he is allowed to pass hefoic the stimulus and enter a 
side alley which leads him back to the entrance box where food is 
obtained. If he approaches the "negative” stimulus, however, he 
IS given a slight electric shock, is prevented from entering the food- 
entrance box, and is required to retrace his steps and go via the cor¬ 
rect route. The closeness with whicli the animal may approach the 
stimuli before having to discriminate between them is determined 
by a partition which separates them The length of this partition 
may vary from scveial inches to several feet, depending upon the 
size of the apparatus and the desire of the cxpciimcntcr. The stimuli 
are usually emitted from a light box behind the discinnination cham- 

The appaifitus to be presented in this paper la similar, in some respects, 
to ail apparatus used by Washburn and Abbott (13) to test the brightness 
vaJnc of j ed foi the light-adapted eye of the rabbit Fheir apparatus con¬ 
sisted of two equal compaitmcnts. On the front of each compartment was 
n door, pivoted so as to awing on a hoii/ontal axis, on which the stimulus 
to be discriminated appeared The animal pushed the lovyer part or the 
dooi with Its npse If the icaponse as correct, the animal obtained rooci 
beiund the door The "jjicorj ect” door was locked 
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ber. Reflected light may be used, however. The electric shocking 
device is not an essential part of the apparatus. When shock is not 
used, the long and devious path to the food-entrance box is con¬ 
sidered sufficient "punishment” for an incorrect response. 

Lashley’s apparatus consists of two parts, a platfoim from which 
the ammal pimps against the stimuli, and devices for presenting the 
stimuli and punishing oi rewarding the animal, The rat is placed 
on a circular platform raised several feet fiom the floor. Directly 
opposite the jumping platform, at a distance of 25 cm, is a frame 
containing two apertuies in each of which appcais a stimulus to be 
discriminated The caids on which the stimuli appear aic placed 
behind the apertures and held In place either by a light spring or a 
rigid turnbutton. If the rat pimps against the "positive” stimulus, 
the light spring arrangement allows the card to fall and the rat finds 
food on a platfoim placed behind the stimuli If he jumps against 
the "negative” stimulus, howevei, the rigid turnbutton holds the card 
m place and the rat falls into a net some two ,or three feet below. 
Before the experiment proper may begin, it is necessary to train 
the animal to jump. The jumping platform is placed ageunst the 
two apertures and the rat runs from this platform through either aper¬ 
ture, to the food platform Here he finds food at a point equidistant 
from both apertuies. After the animal has learned to lun thiough 
the openings and obtain food, the jumping platform is gradually 
removed from the food platfoim. Soon the rat must jump m order 
to obtain food. After the animal has successfully learned to jump 
a distance of 25 cm from the edge of the platform through either 
aperture, one of the apcituics is blocked and the animal is icquired 
to jump through the open one He usually does this without fur- 
ihei training. After the open apertuie has been changed from side 
to side a few times add the rat has successfully negotiated the jump, 
a white card is placed in one opening and a black card in the other 
The lat usually jumps without tiaming to the white caid. The 
stimuli to be discriminated are now presented Lashley found that 
hooded rats^ in fiom 20-60 tiials, leain to discriminate between tri¬ 
angles differing with respect to the position of their apices and be¬ 
tween patterns composed, respectively, of hon^jontal and vertical 
lines. Several other patterns were successfully discriminated. Size 
discrimination was also obtained. White rats could also discrimi¬ 
nate, hut tlieir visual acuity was less than that of hooded rats. 

It will be seen that the essential factors which differentiate Lash- 



TESTING VISUAL DISCRIMINATION IN ANIMALS 


345 


ley’s technique from the technique of Yerkes and Watson arc as 
follows* (/z) The animal, instead of merely running toward and 
{itoHud iH front of the stimuli to be discriminated, jumps directly 
aqainst them. Whereas the Yerkes-Watson technique does not guar¬ 
antee that the animal will be effectively stimulated by the lights at 
the end of the disciimination chamber® Lashley’s technique docs, at 
least, guarantee that the “foodseeking” activity of the animal shall 
be centered on the stimuli themselves* The chief activity manifested 
in the Yerkes-Watson apparatus is that of running through alleys 
which have no essential connection with the stimuli to be disciimi- 
nated In the Lashley apparatus nil activity is centered on the stim¬ 
uli (i) In Lashley’s apparatus there is a close temporal and spatial 
proximity between the punishing and rewarding factors and the act 
of discrimination. If the lesponse is incorrect, the animal falls im¬ 
mediately If the response is coirect, the animal is immediately le- 
waided In the Yerkes-Watson apparatus a rat obtains food some 
2 seconds (9) aftei passing before the correct stimulus Unless an 
electiic shock is used in the Yerkes-Watson apparatus (in which 
case there is a close proximity between an incorrect response and 
punishment), the animal “learns” of the incorrectness of his response 
approximately 2 seconds after the response has been made. That is, 
he must run through the side alley leading to the food-cntiance box 
exactly as though a correct response has been made > it is not until 
he finds tlie closed door preventing entrance to the food box that the 
incorrectness of the response can become apparent (This also 
happens with shock unless the cunent is strong enougli to make 
the rat turn back immediately aftei stepping upon the grill.) (c) 
In Lashley’s apparatus there is an enforced pause befoie the animal 
makes his response In the Yerkes-Watson apparatus, on the other 
hand, the animal may run indiscriminatinglv toward one stimulus or 
the other A pause naturally heightens the possibility that the ani¬ 
mal will be effectively stimulated by the objects to be disciiminatcd. 

The partition which, in the Yerkes-Watson apparatus, determines 
how close the animal may come to the stimuli befoie being called 
upon to discriminate between them, is not an essential difference 
between the two apparatuses. Lashley’s rats are 25 cm from the 

^Lfishley (5), in an early expeiiment with the Yerkes-Watson apparatus, 
recognized this difficulty and attempted to overcome at by using a flicker 
device to attract the "attention” of the animals to the forms to be discrim¬ 
inated 
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Stimuli when they arc called upon to disciiminate. (Of course, they 
reach out with their heads over the edge of the jumping platform, 
and thus get closer to the stimuli than the distance of the platform 
itself However, the partition in the Yerkes-Watson apparatus may 
be so short that the animals may approach within 10-15 cm. of the 
stimuli, yet they cannot learn to discriminate (9). In the apparatus 
to be described here, however, some experiments were successfully 
carried out with a partition, exactly the same as that existing in the 
Yerkes-Watson appaiatus, which had a length of 12.5 cm ) 

Tlie use of reflected light m Lashley's apparatus does not differ¬ 
entiate it from the Yeikes-Watson apparatus where emitted light is 
most often used Yerkes (16) and Waugh (15) have used the 
Yerkes-Watson appai atus with reflected light, i e , with cards as 
stimuli, and have obtained nothing but negative results on pattern 
discrimination in mice. 

It may be thought that an important factor which differentiates 
Lashley's technique from the Yerkes-Watson technique is the type 
of punishment used. That is, a fall may be considered a more 
natuial, and hence more effective, form of administering punishment 
than an elect!ic shock. That this does not explain the difference in 
results obtained on the two types of apparatus is apparent when, in 
the apparatus to be desciibed, shock was used (as in the Yerkes- 
Watson apparatus) with results as effective as those obtained by 
means of Lashley’s appaiatus 

The apparatus shortly to be described is similar to Lashley’s 
only in that the animal responds duecily to the stimuli to be 
discriminated and in that the punishing and rewarding factois are 
immediately administered The animal runs against the stimulus 
[somewhat like the rabbits m Washburn and Abbott’s experiment 
(13)] instead of jumping against them as in Lashley’s apparatus. 
Fuithcrmore, punishment is principally an electric shock whereas, in 
Lashley's apparatus, it is a fall. In Lashley*s apparatus there is an 
absolute depiivation of food following an incorrect response. In the 
present apparatus, however, an incorrect response only delays food- 
getting If Fields (2) had leqiiired his rats to run directly against 
the stimuli used in Ins apparatus, instead of under them, his appara¬ 
tus and the present one would have been quite similar in their general 
features. The present apparatus, then, contains little that is not al¬ 
ready present in the apparatus of Washburn and Abbott (13), Yeikes 
and Watson (17), Fields (2), and Lashlcy (6) I have merely com- 
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bined certain of the features of the above apparatus and the result 
IS, I believe, an apparatus having advantages which, individually, 
none of the above offers. Since it gives results which cannot,be ob¬ 
tained by means of the Yeikes-Watson and tlie Fields apparatus, 
one has merely to show in what rcsptSicts it has advantages not found 
In Lashley*s appaiatus, an appaiatus yielding comparable results 

The cliicf difficulty with the Lashley apparatus, as I see it, is the 
jumping technique In the first place, it requires a long period of 
preliminary training which, in the piesent apparatus, is not ncces- 
saiy In the second place, one finds many rats refusing to jump to- 
waids the stimuli (especially after they have fallen a few times) 
unless they were pushed fiom the platform, or unless their tails 
are struck. Unless one inteiferes in this way, much time is consumed 
m cairymg out the experiment. (Of couisc, the top of the jump¬ 
ing platform could be made into an electric grill. This, however, 
would needlessly complicate the conditions ) In my repetition of 
Lashley’s experiment (10) I started the preliminary tiaining with 
seven rats. Only two of these annuals ever reached the point wJiere, 
without interference from me, they would jump to the stimuli. One 
of them took so long to jump that I discontinued using him The 
other animal completed the entire experiment without such difficul¬ 
ties. In the present apparatus I started the experiment with 13 rats. 
One died, but all of the othei rats completed the experiment. The 
preliminary training took appioximately 10-20 minutes on each of 
two consecutive days In the third place, many animals will not 
jump m the manner required by Lashley’s technique. [In my ex¬ 
periment with chickens (12), although I had used Lashley’s ap¬ 
paratus with rats, I was foiced to fall back on the Yerkes-Watson 
apparatus because chickens could not be adapted to tlic Lasliley tech¬ 
nique ] In Lashley s apparatus it is practically impossible to confine 
the animal. Such confinement is necessary with some animals less sub¬ 
ject to handling than rats. I am thinking particularly of birds, rac¬ 
coons, dogs, etc. 

None of this discussion is to the discredit of Lashlcy’s important 
contribution. These facts are mentioned merely to show tliat his 
technique offeis ceitain difficulties, especially with animals other 
than rats, which the present technique docs not offer. 

Apparatus and Technique 

TJjc apparatus is pictured in Figures 1-3 The general plan is 
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a and g are boxes for handling the animals disciimination chamber 
ly electric grid Cy doors in which the stnniih to be discuminated appear 
These open toward the rear of the appaiatns as pictured in the dotted lines 
The apparatus is 12 inches in height 



cl*’ 



FIGURE 2 

The Stimuli as They Appear prom Within the Apparatus 
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FIGURE 3 

Back or Partition in Munich Stimufi Appear 
This IS a back view of Figiiie 2 e, doors m which the stimulus c.irds are 
placed //, a set screw which locks eithei door piece of brass to which 
the two pieces of spiing steel, causing the door to close and prevent a re¬ 
turn into the appaiatiis, aie soldcicd The dooia aie 5 5 inches on the 
side The bottom and both sides of the doors aie grooved to permit en¬ 
trance of a card The aperture behind which the cards appear is 5 25 
inches equate 

similai, u\ rriiiay respects* to that of Fields’ apparatus (2)* while 
tlic metlioil of presenting the stimuli is not unlike the method used 
by Lashlev (6) and by Washburn and Abbott (13) The walls 
and the paititioii, were made of thrce-plv wood and painted a 
dull black. The doois* which contained the stimulus cards, were 
made fiom thin aluminum and hinged to the outer edges of the par¬ 
tition, dj by means of small brass hinges. They were slightly 
larger tlian the apeituies in the partition, and they opened toward 
the rear of the appaiatus The spiings, which caused the dooi to 
close aftet the animal had pished it open, uete made of two pieces 
of spiing steel wiie soldeicd to a hi ass plate,; One of the wncs was 
soldered to the top of the door, the othei Aviie was free at its lower 
end (sec Figuie 3) By bending the fiee wire towards the centci 
of the door, the amount of icsistance could he increased The spiing 
device served to keep the aluminum dooi and its stimulus card firmly 
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against the aperture It also prevented the animals from entering 
the discrimination chamber from the rear of the apparatus since it 
caused the door to close as soon as an animal had passed through 
the aperture. In each door was a slot which allowed the card to 
be inserted or withdrawn with ease The small brass turnbutton, 
locked the door which contained the negative stimulus The stim¬ 
uli were changed from side to side in a chance oidei either by with- 
diawing the cards and interchanging them or, in the case of the 
triangles, by inverting each card. The cards containing the verti¬ 
cal and horizontal stripes weic turned 90"^ in ordei to switch the 
stimuli from side to side In this way the identical card called out a 
negative response in one trial and a positive response in another. 
The light which illuminated the patterns and the apparatus was 
a 100 -watt bulb placed in the apparatus above the entrance point 
and shaded to thiow the light toward the stimuli The electric 
gud was connected with the regular ilO-voU circuit through the 
1775-ohm, 5-amp. Jagobi rheostat 
The triangular stimuli were carefully cut from white paper and 
pasted on pieces of black cardboard which fitted into the grooves of 
the doors The striped patterns were made by painting black stripes 
of l*cm. width on white cardboard. There was no reflection of the 
patterns on the floor. The flooi of the apparatus itself was a piece 
of unpainted three-ply wood. 

The method of procedure was as follows; Both doors of the 
apparatus were open and food was place m the box The 
anrmal was brought from the animal room in a box identical 
m all respects with the box in which the food w'as placed. This box, 
was placed at the entrance to the discrimination chamber, h The 
rat explored the apparatus and eventually reached the food box, g. 
While he was eating the small piece of bread and milk which he 
found there, the box, was substituted for the box, < 7 , and the latter 
box, still containing the rat, was placed at the entiance of the dis¬ 
crimination chamber. By using two boxes m this manner it was 
never necessary to handle the animals directly. After the animal 
(who had been deprived of food for approximately two days) had 
run through the apparatus and obtained food about 4 01 5 times, I 
closed one of the doors After he had lun through the open door 
a few times (it was changed from side to side to avoid a position 
habit), both doors were closed, but neither of them was locked, The 
animal explored and finally pushed against one of the doors. The 
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door readily opened, and he obtained food as before. (If the animal 
did not push against the door within a minute or so, I pushed him 
against it with a stick ) After the animal had learned to run against 
the door (lequiimg about 4 trials), one door was locked. (Neither 
door yet contained a stimulus card ) Most of the animals, when 
they pushed on the door which was locked, began to tear madlv at 
It, but finally they tried the other door After 640 trials with one 
of the doors locked, a black card was placed in one door and a white 
card m the other Unlike Lashley’s rats, my animals did not respond 
without training to the white card. If they ran across the grid and 
approached the white stimulus, I allowed them to push against the 
door and run to the food box. If they approached the black card, 
liowevei, they were given a shock and they found that the door could 
not be opened They then tuined and entered the other door. 
A respo7ise was considered incoriect once the anwial had touched the 
wiono doQi He had to learn to discriminate without toiuhinff the 
doors before he was considered to have learned the problem. After 
the black-white discrimination had been learned, some of the ani¬ 
mals were placed on the horizontal-vcrtical-pattcin problem, others 
on the triangular-pattern problem The lesults of these experiments 
will be discussed in the next section of this paper. From 20-40 trials 
were given daily 

In order to deteimme that the animals were responding to the 
visual stimuli placed in the doors of the apparatus and to no ex¬ 
traneous stimuli, the following controls weie carried out during the 
course of the experiments. 

1 . The experimenter remained in a position at the front of the 
apparatus (wheie he could not be seen by the animal) until after 
the response had been made. 

2 The animal was never placed in the apparatus by hand. The 
two boxes were used throughout the experiment 

3 The stimuli were piesented in a predcteimined chance oidcr, 
and this order was changed in the final senes of tiials. 

4. The route fiom the rear of the apparatus to the fiont of the 
disciimination chamber was constant tliioughoiit the experiment 
The animal was always letuined to the discrimination chamber via 
the nglit-hand side of the appaiatus. 

5 Food was equidistant fiom both stimuli at a point diiectly 
behind them 

6 After the animal had maintained an accuracy of 80^ or 
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over in 30 trifils, both of the doois wcic unlocked so that lie could 
open eithci of them This pieciiution was deemed necessary foi the 
following iCcason the locked door might obscivably be piessed more 
tightly against the apertuie than the unlocked door which contained 
the coirect stimulus Although sucli a difference was not noticeable 
to mCj it was consideied advisable to control for this possibility 

7 New caids contdining the same patterns as those used m the 
training sciics were substituted* This was to determine whether any 
cliffeiential markings on the cards, themselves, weie being discnmi- 
nated. (This was, of couise, haidly necessary where the stimuli 
weie switched from side to side of the apparatus by mveiting the 
card,) 

8 The light was moved fiom its original position to a point 
diiectlv above the clectiic grid This was to determine whethei a 
slight shadow, thiown upon the stimuU by the animal's body when 
he was quite close to them, was influential. With the light at its 
new position, such a shadow was destroyed, 

9. Finally, both of the patterns presented to the animal were 
negative, i.e,, If the animal had been tiained to lespond negatively to 
a triangle with apex down, both stimuli were now identical tiiangles 
with their apices pointing downward. If the animal failed to re¬ 
spond, went into a position habit, or manifested a purely chance 
form of behavior, it would be appaient that the effective stimulus 
for the discrimination habit had been in the patterns lathcr than m 
extraneous cues The animal, as a matter of fact, usually lefused to 
make a response to either pattern undei this condition He lan 
excitedly back and forth before the patterns and then ictumed to 
the entrance box, If forced to icspond (by means of a moving pai- 
titiort winch pushed him towaid the stimuli) he usually took a posi¬ 
tion habit, running always to the right or to the left. None of the 
othe} coiUrols was effactive in duturbmff the responses in any lufiy. 

Results 

Black-white Disa imifiaiion The results of the black-white dis- 
elimination in the apparatus already described aie presented in Table 1. 
It will be seen that only 20 to 60 tiials weie necesscaiy to icach an 
accuiacy of 80% or ovei The white i<its seemed to disci im in ate 
much better than the hooded rats This may be due to the fact that 
they weie much slower than the otlici animals to cioss the grid. 
They hesitated longei. (la a modification of the appaiatus de- 
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TABLE 1 

Black-Wiiitf Discrimination 
Positive stimulus—white 


Trials 

Rat 7 

Rat S 

Peicentagc coircct 
Rat 9 Ratio 

in 20 tuals 

Rat 11 Rat 12=^ 

Rat 13* 

20 

45 

3S 

45 

75 

40 

70 

50 

40 

SO 

70 

60 

70 

50 

80 

80 

60 

80 

75 

20 

80 

70 

100 

70 

80 

95 

90 

95 

90 

90 

100 

90 

100 






100 

100 


**^Rats 12 and 13 wcie white All othci lats hooded 


scribed above, in which a partition similai to that used in the Yerkes- 
Watson appaiatus extended out from the center of the stimulus par¬ 
tition as fai as the edge of the grid, 60 to 80 tiials were nccesbaiy m 
order to mastei the disciimination, The lighting of the apparatus, 
howevei, was poor and the loom was not daikened as was the room 
in which the above experiment was earned out Thiee hooded rats 
weie used ) 

DisaimiJiation of Truniffles, The positive stimulus in this ex¬ 
periment was an equilateral titangle, with sides of 5 inches, pre¬ 
sented on Its base. The negative stimulus was an identical tiiangle 
presented on its apex The lats had alicady mastered the black- 
white discrimination Table 2 piesents the results of this expen- 
ment Only 10 to 80 tuals wcie necessary for mastery of the prob¬ 
lem 

In the modification of this appaiatus mentioned above, in which 
a paitition separating the two stimuli was piesent and m which the 

TABLE 2 

Discrimination or Equilater\l Triangtes 
Positive stimulus—tiiargle on its base Negative stimulus—triangle on its 
apex Triangles equal in area and biightncss 


Trials 

Rat4 

Rat 5 

Pel cent age coirect in 20 
Rat 6 Rat 9 Ratio 

tnah 
Rat 12* 

Rat 13* 

20 

65 

65 

80 

65 

50 

50 

60 

40 

85 

30 

95 

80 

60 

65 

70 

60 

100 

30 

100 

95 

80 

70 

90 

80 

90 

90 


90 

90 

80 

95 

100 




100 

95 

90 

100 


*Rats 12 and 13 weie wbjtc Otliei animals hooded 
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lighting conditions were much poorer, from 100 to 160 trials were 
necessary before the disci iraination could be mastered. These ani¬ 
mals, unlike those represented in the table above, bad not been trained 
on the black-white discumination before being placed on this prob¬ 
lem After the animals had learned the discumination of the tri¬ 
angle with apex up, I reversed the problem, i e,, 1 lequired the 
animals to react positively to the stimulus which had previously been 
negative. They lefu&ed to discriminate at first. By means of a 
moving partition, I forced them to approach the stimuli. Even 
though a strong electric shock was administered every time the ani¬ 
mal entered the short «alley containing the stimulus which had been 
positive in the previous experiment, not one of the animals made a 
response of better than 30% in 20 trials until 80 tifals had been 
given. They persisted in approaching the triangle toward which 
they had formerly been conditioned. One animal got the first 25 
tiials in succession wrong even though he leccived a strong shock at 
each trial The training was continued until the animals had learned 
to go to the new positive stimulus with an accuracy of fiom 80 to 
100% in 30 trials. This took from 100 to 160 trials This con¬ 
trol was carried out merely to test the strength of the ouginal con¬ 
ditioning to the triangle with apex up. 

Dtscriinination of Pntioiis Containing Hoiizontal and Vertical 
Stripes. These patterns gave results similar to those obtained with 
the triangular patterns. The vertical stripes were positive for some 
animals and the horizontal stripes were positive for others The 
stripes were 1 cm, in width Theie seemed to be no difference in the 
difficulty of the two patterns The data are presented in Table 3. 
The apparatus was as described in the second pait of this paper. 

CircJe-vs-Square Dtscrhnination. This is the only problem m 


TABLE 3 

DisCRIMIN AXIOM OF HORIZONTAI. VS, VERTICAL STRIPES 
Black and white stripes 1 cm in width 


Trials 

Rnt2 

Rats 

Peicentage conect in 20 
3lat+ Rat 5 Rat 6 Rat 7 

trials 

Rats 

Rat 12*Ratl3» 

2Q 

5S 

ss 

40 

60 

SO 

50 

00 

<^5 

40 

40 

60 

80 

60 

55 

75 

50 

80 

40 

80 

60 

80 

85 

60 

60 

65 

SO 

80 

SO 

80 

80 

95 

too 

75 

80 

95 

85 

75 

70 

100 

100 



85 

85 

90 

95 

90 

100 

100 


*Rats 12 and 13 were white Other rats hooded 
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which negative results were obtained. One of the animalsj for whom 
the square was positive stimulus, showed some evidence of having 
mastered the pioblem between the 60th and 80th trials, when he 
made a record of 80% conect responses He went into a position 
liabit, however, rind did not recover the discrlnnnation in a further 
ISO trials. None of the other animals, for two of which the circle 
was positive stimulus, showed any evidence that it would ever mas- 
tei the discrimination. The rats soon acquired position liabits from 
which I could not entirely break them The lesults of this experi¬ 
ment are summarized in Table 4, All of these rats had learned the 


TABLE + 

Circle vs Square 

Both stimuli equal in area and brightness 


Ti lals 

Rat 2 

Percentage correct in SO trials 
Rat 3 Rat 6 

Rat? 

50 

56 

60 

60 

54 

100 

70 

60 

46 

50 

150 

58 

50 

5+ 


200 

64 

52 

56 

50 

250 

5+ 

54 

58 



previous problem and one of them had learned the discrimination of 
equilateral triangles The expciimental conditions were the same 
for all three experiments. The negative results surprised me, since 
Lashley has obtained circle-square discriminations in his apparatus. 
This diflfeience in results may be due to some difteience in technique, 
or it may be due to individual difterences m the animals. 

Discussion 

Except for the fact that the rats used in these experiments did not 
go mthout to a white stimulus, and that they did not learn 

the circle-square disciiminatioii, my results arc comparable with those 
obtained on Lashlej^’s appaiatiis 

From obseivation of the behavior of rats in the Yerkes-Watson 
apparatus, Lashley’s appaiatus, and the piesent apparatus, I am forced 
to the conclusion that the positive results obtained with tlie two 
last-mentioned apparatuses, ns against tlie negative icsults on the 
Yerkes-Watson apparatus, aic due to the fact that the animal, by the 
nature of the apparatuses themselves, is foiced to respond to the ^ttm- 
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uU to be disciiminatcd. He either jumps against them oi luns 
against them In the Ycrkes-Watson apparatus the stimnli are not 
neccssaiily associated with food, and the animal may never respond 
to them. Why, then, it mav be asked, does the rat learn brightness 
discrimination in the Yeikes-Watson appaiatus while he is unable 
m the same appaiatus to disciiminate patterns of equal aiea and 
brightness Piobably because, with brightness disciimination, there 
is a diffeieatial reflection of light on the flooi and sides of the alleys 
through which the animal passes which, unlike patterns of equal 
area and blightness, is associated with the animals pathway to the 
food-cntiance box, or with the shock which the animal mav icceive 
after an iiicoriect response Other possibilities of explaining the 
discrepancy between Lnshley’s and the present apparatus and the 
Yerkes-Watson apparatus can be icadily set aside, The time which, 
in tlie Yerkes-Watson apparatus elapses before the animal can be fed 
after a correct icsponse is, as I have previously pointed out (9), not 
suflRcient to prevent the animal from learning the discrimination. 
Clements (1), with a delayed feeding of 30 seconds on a simple maze 
pioblcm, found that this delayed feeding was not sufficient gicatly 
to effect the ability of the lats to leain the problem The enforced 
pause, charactenstic of Lashlev’s apparatus and not present in my 
apparatus, cannot be invoked to explain why rats leain pattern dis- 
crimmations m Lashley^s apparatus and do not learn them in the 
Yerkes-Watson apparatus The type of punishment chaiacteiibtic ot 
Lashley^s technique cannot, as I have already pointed out, explain the 
discrepancy existing between the results obtained in his apparatus and 
those obtained m the Yerkes^Watson apparatus. 

Conclusion 

An apparatus has been desciibed which yields lesults on Pattern 
vision in hooded and white rats compaiable with results obtained by 
means of Lashley's technique,^ The technique described in this 

^Siiice the above was written, Mr Joseph Stemert of the UniveriUy of 
Pittsburgh has repeated the experiment involving tiinngles His animals 
learned the discrimination within 70 trials Fiiithei controls, however, 
showed that the animals could not disciimmatc outlines of the tiiangles 
If a rectangle with a base line equal to that of the triangles, and of the 
same area and brightness, was substituted foi the positive triangle, the 
disciinunation of the animals was not disturbed When a diamond'shaped 
form Was presented with tlic lectangi^i the animals still disciiminated the 
rectangle These experiments show that the animals are responding to low 
veisiis high brightness masses lather than to triangles as such I found 
this likewise to be true m my repetition (lo) of Lashicy's cKpcrunmt. 
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papei requires less pieliminary tiaining than Lashlev*s and is adapted 
to a widci variety ol animal loims It is suggested that the discrep¬ 
ancy between Lashley’s results and those obtained by means of the 
Yeikes-Watson apparatus is due to the fact that Lashley's technique 
(as well as that of the present pioblem) guarmtiee^ that the animal 
shall respond directly to the stimuli to be disciiminated, whereas, in 
the Yerkes-Watson apparatus, the responses of the animal aie mi 
necessarily associated with the stimuli to be discriminated* 
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UN APPAREIL POUR MESURER LA DISCRIMINATION VISUELLE 
CIIEZ LES ANIMAUX 
(Resume) 

On d6crit un appareil qui donnc des rcaultats aur la vision des formes 
che? lea rata btanca ct encapnchonnfis comparables aux risultats obtenua au 
moyeft de la technique de Lnahley, Us out appris en de 20 h 60 ^preuves 
la discrimination de triangle diferant i Pigard de la position de leura 
apex et cclle de formes contennnt des lignes horizontalea ct verticales La 
technique dicnte dans cet aiticle exige moms d'entralnement prilimlnalre 
que celle dc Lashley ct s^adaptc h line plus giande variety d'animaux. On 
sugg^re que la difference entre lea risultats de Lashley et ceux obteuus au 
moyen de Pappareil Yerkes-Wataon cst due au fait que la technique de 
Laghicy (ainai que cellc dc ce probI4me-ci) garaniii que Panimal ripond 
dirfctefneni aux stimuli 1 dtsciimlner tandis que dans Pnppareil Yerkes- 
Watson ks reponscs dc l^animal ne sont pas necessairement aasociieg aux 
stimuli i discnminer 

MubJN 


EIN apparat zur untersuchung visueller unterscheid- 

UNG (‘VISUAL DISCRIMINATION’) BEI TIEREN 
(Referat) 

Es vpiid ein Apparat beschneben, welches iiber Gestaltvjsion (‘pattern 
vision') bel weissen iind kapiizierten {‘hooded') Ratten Resultate liefeit, die 
sich mit Resultaten diiich Lashley’a Verfahren erziclt vergleichen lassen 
Die Unteischciding zwischen Dreiecken die in Be?ug auf die Lage ihrei 
Spitzeti verscbiedeti waieti wurde in 2fl bi? 60 Proben bemeiatert, Daa 
Verfahren, welches in dieser Arbeit geschildert wird, verlangt weniger 
vorbereitcnde Dressierung wie Lasliley^s und ist emer grosseren Mannig- 
faltigkeit von Tierformen angepasst Eg wird angedeutet, dags der Unter- 
achied zwischen Lashley’s Resultaten und den mit dem Yerkes-Wataon-schen 
Apparat emelten dann liegt, dass Laehley’s Veifaiiren, (wie auch das 
Verfahren im jetzigen Problem), ^micliert, dass das Tier direkt auf die 
Rei7c reagiercn wird, die zw Unteracheiden aind, wahrend mit dem Yerkes- 
Watsonchen Apparat die Reaktionen des Tiercs nicht notwendigerweise 
mit den zu unterscheidenden Reizen verbunden smd 


Munn 
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FIGURE 1 

PHOlOfriniMlS ol IHI AlTLRNVnON IlOX-AppARATUb 
111 tilt pittuie iibovc lilt' open I- box ma> be seen tliioiigli the cage clooi 
’I he onc-svaj vision stieen, the i tsti !lIrll^|^ lojie, the lightinu; ni i angements, 
nrul pail uf the food cainngc anil plarroini aio jiImj shown 

III the top pittuie on the next jiagc the cage and scietn boa id have been 

rcmcivcd fioiii tliL nllLi nation Iioa- apparatus I'lie noltlicd disc foi moving 
the food caniafre, the bos lock ke) s, and the le\eis that coiitiol ihe box 
Lids may be seen on ibc nrai ^c-xpeiimcnici’s) end of the table '1 he food 

cairiage is in the position which it occupied at the beginning of a ti lal 

’’I liL middle pictme on the next page gives the cxpcnmcnlci’s view of th< 
inteiun of the aln'i nation box-a ppai atiis The scieeii panel an I its on 
wav Msion window have Vieen icmovcd 'the sawdust booi covciuig and 
the i:losed cage dooi may be noted 

the low Cl picture on the next page shows the mcchamcal imits of the 
nheinatiun box-aiipa iatiis iindcineaili tlie t<ible The expeliinenters end of 
the taldt IS on the leadei's left 'Phcic the lid contiol levels, the iiotchctl 
dne, and the box kc\ tlinisls may In. seen On the right aic the lid 
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maze 'I'he ic^ults of the cxpciimcnt will sho^t convinunRh that 
the altcination bo\-app«natiis imv be plated \Mth tlic tcmpoial maze 
as a valid mctliocl of tcstinji: foi aliiliU to ptifoiin double alternation 
and lluib foi demoiistialinj^ the picscnce of s^'inbolit pioccsses 
I'hc iTioiikc 5 ' has aheadv dcmonstiatcd bis cdiility to mastci the 
double altcI nation piubltm of foiii lesponses It was decided iii this 

expeiimeiit, thcicfoic, to use a Ionisei senes of ics]K)nses dtiiinj^ tiaiii- 
inj^ than had been used in the tcmpoial ina/c problem (1) The 
piescnt papci seeks to answci c\pei imentalh the followuijr questions 

1 Can the monkey Icain the double alternation of a 
senes of ci^bt iespouses, R R L L R R L 

2 Following Icatninj:, can he extend this double 
alternation of i espouses to senes of ji;ieatei Icni'th than 
ci^lit icsponscs^ 

3 Is the double alternation of iespouses by the mon- 
kev under these cxpenmcntal conditions independent of 
cucb fiom the e\peiimentci and tiom the appaiatus it¬ 
self ^ 

Apparatus 

Fij^uic 1 shous photogiaplis of the alternation bo\-appaiatus used 
in this cxpciimcnt. This new appaiatus is peculiailv suited to liie 
double altcination pioblcm because the evpcnmcntci is able to dctci- 
minc the oitlci in 'uhich the boxes ^rla^ be opened, and to introduce 
quickW I'lexv bits of food uilo the boxes ^i'be Vuh of the lioxcs project 
an inch at the fiont in oulci to enable the monkc 5 ^s to open them 
leadily Within each box all of the sides aic bevelled to a centei 
hole 2' sqtiaie At a depth of 2j4” fioni the top of the boxes, food 
IS iiitiochjced beneath the boxes by means of a tiouj^b-like caniaj^c 
which contains 16 coiupaitments, each 2'" square and T' deep Thus 
the monkey has to icach only a shoit distance beneath the level of tlu 
table top to sccuie the food The expciimcntci contiols tlic movement 
of the food caiii.u^c by means of a notched disc and a pinion and j^cai 
system Food can be placed in the compaitments of the food ear- 
iiaRC witli ease since the piatfoim upon 'winch the caiiiaj^c lolls 
extends well out to the side of the appaiatus The lids of the boxes 
aic automatically locked shut, and the expeilinentci deteimines by 
dcpiessinp; one of two keys, 'which box may be opened on a t 2 :iven 
1 espouse, Fuitlicimoie, the movement of the lids may be contioiled 
from the expeiimentcFs end of the table b\ a senes of noiseless 
Icscis wbicli aie so balanced that the lids fall shut wdicii not held 



MONKEYS IN A DOUBLE ALTERNATION APPAR\TUS 


363 


open If the subject holds the box lids open they may be closed by 
the experimenter. The apparatus operated so simply that no diffi¬ 
culty "ivas encountered in making the necessarj" observations of be¬ 
havior throughout the trials. 

The cage 'vvithm which the boxes aie located Is made of mesh 
Wire mounted on a wooden frame* which is held on tlie table lop by 
two bolts. The cage may be readily removed in order to clean the 
apparatus The side of tlie cage on the evperimenter*s end of the 
table is made of 3-ply wood panelling and extends 18" above the 
top of the cage. The single light used to illuminate the apparatus 
during experimental work is supported on this panel The screen 
window in the panel permits only one-wav vision, and thus enables 
the experimenter to see the monkeys at woik without their being 
able to see him The possibility of only one-way vision was tested 
by a number of peisons, and none of them could see through the 
scieen from the cage side, no matter how close they placed their eyes 
to the screen. 

The monkeys were admitted to the cage through a dooi (12" x 
22'0 They were held at the fiont of the apparatus before starting 
work, and drawn back to this position after finishing each trial by 
means of a small rope passing through the center of the cage wall 
just underneath the screen window 

Method 

1 Snlfjects Four rhesus monkeys were used in tlie present 
study One of these was Bones, who had mastered the double alter¬ 
nation piobleru in the temporal The other three monkeys 

were new members of the Clark colony. They were a year younger 
than Bones, and were secured from the Benson Animal Farm soon 
aftei thcjr anival in this countiy. One was a female named Daisy* 
and two were males named Goofy and Squeak. These animals I 
tamed completely duiing the four and onc-half months between their 
arrival and the time tiiey started work in the double alternation box- 
apparatus They became tlioroughly accustomed to tlie laboratory 
and to me. They could he handled with ease and, when loose, 
would play about tlieir living quarters and the experimental room 
Without exhibiting timidity or fear 

The animals were fed daily inside the apparatus cage on top of a 
table for one month. There were no boxes on this table During 
this time the animals became accustomed to the cage and table situ- 
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Eition. At first they climbed <ill ovci the walls of the cage, and bit 
and shook at the walls and doors, but such bchavioi disappeared 
within a week Duiing the last two weeks befoie experimental work 
was undertaken the constiuctlon of the apparatus interfeied with 
this daily feeding within the cage, but the animals showed no signs 
of disturbance upon being mtiodiiccd later into the apparatus dunng 
their pieliminary tiials 

2. P)Qceduie Each animal was given a pieliminary trial 
daily for five days The put pose of these prclimmaiy tiials was to 
teach the subjects to open the boxes and secure food. The procedure 
was adapted to this end, and will be described m connection with 
results Regular trials were given once a day for five days, and there¬ 
after twice a day (7 a.m and 7 P.M ). The procedure during a 
regular trial was as follows. With the key for the box on the nght 
(R) depressed, I released the rope which held the subject at the 
front of the cage The subject was then free to go to the boxes and 
attempt to open cither of them If he lesponded to the R, he could 
open the box and get a grape. If his fiist response was to the Lj the 
box would not open, and he would have to open the R box to get his 
first grape. The taking of a grape brought to an end the first re¬ 
sponse, and marked the beginning of the second Since there were 
eight responses in the ordei RRLLRRLLm each trial, the 
subject secured eight grapes per trial He was credited with a cor¬ 
rect response each time he opened the unlocked box without first 
having attempted to open the other box After the subject had taken 
his eighth giape he was drawn to the front of the cage by means of 
a rope Time for each tiial was counted from the moment that 
the animal was released until the eighth grape was secuiedi Com¬ 
plete records were kept of each response, any extra attempts to open 
either box, time of the trial, time of other events such as pauses, etc,, 
and any other behavior which appeared to be significant The cri¬ 
terion of learning in this experiment was the same as that in the 
Other experiments of this scries, namely, three coiiect trials in suc¬ 
cession. 

This procedure in the double alternation box-apparatus is identical 
in principle with that employed m the double alternation temporal 
maze, In the latter the subject is required to go around the correct 
side of the maze following each response whether the response was 
correct or not. Eurthermoie, in the case of the monkeys, reward 
was given in the temporal maze each time the animal came to the 
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front of that apparatus, irrespective of the correctness of his re¬ 
sponses. The plan described above for tlie double alternation box- 
apparatus duplicates these conditions m that food is secured follow¬ 
ing each completed response, and, under the conditions of the problem, 
a new response cannot begin until food has been taken from the 
correct box. 

The monkeys weie run in the same order each day They were 
taken one at a time into the experimental room and mtioduccd into 
the cage The rope was snapped to their collar chain and they 
were held at the fiont of the apparatus to prevent any uncontroliccl 
practice m opening the boxes Following each trial tlie animal was 
released fiom the cage and allowed to play about the room while 
grapes wcic placed in the food cairiagc in prcpanition for the next 
subject He was then rctuincd to liis living quartcis and fed 
Tluoiighout tlie cxpciiment the animals were veiy tame As the 
experiment proceeded, they became so accustomed to working in the 
same oidcr eveiy day that I usually found each one waiting at the 
living cage door when I came to get him If not, I needed onlj'' to 
open the door and call to or point at the monkey I w«antcd, and he 
would come to me at once. Bones would go befoie me into tlie 
experimental room, open the door of the appaiatus cage, and enter 
It alone Here he would take a position facing the door and wait 
until tl^e lope was snapped to lus collar chain Then he would move 
ovei to the center of the apparatus close to the front wall without 
waiting for me to draw him to that position with the rope. Daisy 
also learned to enter tile appaiatus alone The otiici monkeys ivcre 
usually held by the hand, and they never attempted to break away. 
I emphasize the tameness of the animals, since I believe that it con- 
tiihuted toward the excellent results which were secuicd in this 
experiment 

During the expenment two cages were used as living quaitcrs for 
the animals Tins fact enabled me to solve partially the pioblem of 
maintaining the necessary degiee of hunger among the monkeys Had 
they all been fed at once each would have secured a different amount 
of food. Among this gioup of monkevs cadi animal cither donunatci* 
or is dominated by each othci animal. In our colony the monkevs 
took the Older Bones, Sis, Squeak, Goofy, and Daisy, Each animal 
chased away from available food all those following it in this list 
Each day I fed the monkevs In a new cage By woiking with them 
in just the reverse of the above ordci, it was possible for the weaker 
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monkeys to get enough food befoie the strongest monkeys had 
finished the experiment Even under these conditions the monkeys 
were occasionally overfed and refused to work duiing a set of trials 
I followed the general rule that, if an animal completed four 
responses, he was left in the apparatus until all of the responses for 
the trial weie completed. 

Results 

1. Learning 

a, Habiiuatioiu So far as I know> none of the monkeys except 
Bones had liad any experience opening boxes before their fust pre- 
linunaiy tnals m the double alternation box-apparatus Bones s 
experience had consisted in a few occasions during the spiing of 1929 
wlien I put a box in Ins living cage to see if he would open it 
readily (It was at that time that the liist plans foi the present 
experiment and the alternation box-appaiatus were being made ) 
When the monkeys were introduced into the appaiatus on then first 
preliminaiy tiial, the lids of both boxes were open and each box 
contained food Goofy alone reached into a box and touched food^ 
but he did not take it Daisy and Squeak looked mto each box 
Bones tiied to shake his way out of the cage, and never approached 
the boxes. Each animal was lemoved fiom the appaiatus in ten 
minutes, On the second dav both boxes were again open and con¬ 
tained food After a subject had taken food from the box the Ud 
was allowed to fall shut. Only Goofy opened a box by himself and 
took moie food. On the othci preliminaiy tiialb the boxes were both 
unlocked, but closed. Occasionally I would open a box slightly to 
encouiage a subject to open it. On each of these days all of the 
monkeys except Bones took eight grapes each. Bones took food only 
on his last piclirtiinary trial During the first regular trials the sub¬ 
jects would try to open the incorrect box, on a given response, a 
number of times befoie opening the correct one This behavior 
corresponds to the extraneous moves made by subjects m their caily 
trials in the temporal maze. On one occasion Squeak attempted to 
open the R box on his fourth response ten times m lapid succession 
befoie turning to the L box. Within six or seven trials each animal 
leained to turn at once to the other box wlienever he found that one 
was locked. Goofy was the first subject to form this habit of 
regular work. After his fourth trial he made no extianeous moves, 
i, Smple alternation behavior Following habituation, all of 
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the subjects iCbpondccI typically in the order RLLRRLLR 
(That this is not double alternation bchavioi will become evident 
in the analysis of this scries of lesponses which follows,) It seemed 
that the more lapidly a subject woiked the more quickly Ins icsponses 
fell into this oicler The phenomenon appeared with Bones only 
duiing; tlic first two-tenths of learning With the other subjects it 
was more or less in evidence throughout the learning pcuod, This 
was espcaallv tiuc of Goofy, who^ during the middle hedf of his 
leainlng, made this type of response trial aftei trial. It will be noted 
that, in the series of i espouses RLLRRLLR^ responses 1, 3, S, 
and 7 which are correct aie followed by alternation, in that icsj)onses 
2, 4, 6, and 8 arc opposite to them This has been called “alterna¬ 
tion after success” by Huntci (3, p 216, 4, p 1, 6, p, 53i) In 
the fitst papei of this seucs this uiterpictation of such a senes of 
responses has been questioned in favor of an explanation m tcims of 
simple altcination (1, p. 62) In the lempoial maze this simple alter¬ 
nation was one of trips fioin the point X, and it is necessary to recog¬ 
nize a difteicnce m the vajious tiips fiom this point Some of them 
weie preceded by a trip up tlie centci alley of the maze, and others 
followed a lesponsc to the incorrect side and retracing to the point 
In the tempoial maze it is tiiie that each successful tup from the 
point A following a Uip up the cento was followed on the next 
regular response by altcination 

The distinction between the various leactions fiom the point 
V m the tempoial maze docs not appeal in the same light in the 
double alternation box-apparatus Here there is no center alley The 
subject sits before or between the boxes and attempts to oi^en one 
box 01 the other. We have been speaking of “lesponse” m this ex- 
peiiment in teims of the first box attempted following release at the 
beginning of a trial and the taking of each grape tliercaftei, How¬ 
ever, if the in collect hox is attempted on a i espouse the animal 
quickly Icains to attempt the other hox In fact, he typically tries 
fiist one box and then the other m rapid succession, taking grapes 
from those boves which will open. Sucli behavior gives the scries 
of responses RLLRRLLR In view of the fact that the animal 
tues first one box and then tlie otlici as lapidlv as possible, I 
believe that this type ot behavior should be described as a simple 
alternation of attempts rathei than as “alternation after success” 
In the following record for such a trial the first letter after the 
number of each response indicates the response with which the 
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Number of response Subjects attempts to open 


1 

R 

(correct) 

2 

L R 

(error) 

3 

L 

(correct) 

4 

R L 

(error) 

5 

R 

(correct) 

6 

1 R 

(error) 

7 

L 

(coriect) 

8 

R L 

(error) 


subject is credited. The second letter in the case of responses 2, 
4, 6, and 8 indicates that the animal turned to the unlocked box 
and opened it. This lecord is typical of the records kept through¬ 
out the experiment in that every attempt to open a box was recorded, 
It should he undeistood that the recoid on eacli line ends with the 
taking of a grape In this sample jecord jt mny be seen that the 
animal alteinated not only with success, but also Witli failure, if one 
is describing the actual box opening behavior of tlie subject. His 
attempts were in the older i? L i? L i? L J? L R L R L The 
attempts which have been boldfaced are the ones which, under the 
conditions of the problem, are credited to the animal as his responses 
for the tnal As has been stated above, this is the typical seiies of 
responses immediately following habituation and in this seiies only 
50% of the responses are correct 

c. QuaniitaUve data on leaning All the monkeys learned 
the scries of eight responses RRL LRR L L\n\hz alternation box- 
apparatus Table 1 shows for each subject the number of trials 
before the fiist coiiect trial, the number of trials before thiee suc¬ 
cessive coriect trials (ciitciion of learning), the number of coriect 


TABLE 1 

Data on Triai^ During Learning 


Subject 

Trials 
before first 
correct trial 

Trials 

before 

mastery 

Trials 
correct 
prior to 
mastery 

Trials 
in whicb 

7 responses 
were correct 

Daisy 

82 

134 

9 

41 

Goofy 

50 

72 

1 

14 

Squeak 

SO 

102 

4 

11 

Bones 

16 

H4 

7 

32 
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TABLE 2 

Numder of Correct Responses in Each Successive Group or Five Trima 
Prior to Mastery 


(40 responses m each group) 


Daiay 

Goofy 

Squeak 

Bones 

18 

21 

21 

23 

17 

20 

20 

24 

18 

25 

23 

23 

18 

19 

22 

24 

26 

20 

28 

33 

26 

23 

25 

29 

27 

24 

23 

28 

30 

28 

25 

29 

28 

30 

27 

28 

31 

31 

27 

26 

28 

30 

30 

26 

28 

30 

29 

20 

30 

31 

22 

29 

29 

29 

23 

31 

30 

9 in 16 

25 

29 

31 


25 

27 

33 


24 

31 

34 


2+ 

31 

31 


33 

36 

30 


29 

35 

27 


12 in 16 

36 

37 



32 

3+ 



27 m 32 

35 




36 




33 




30 tn 32 





trials during learning, and the number of trials in which 7 of the 
8 responses were correct during Jeaining. Goofy, \v)io liacl adapted 
himself to the experimental situation before the other monkeys, 
learned the problem most quickly Daisy during the last 30 tiinls of 
learning iiad 6 trials coirect, and in 24 trials she made an error on 
her second response. (On 4 of these 2+ tiials she also made one 
other crioi ) This peisistent erroi on Daisy^s second response was 
the result of the way she took her position in the appaiatus Wlicn 
I released her at the beginning of the tual she would step out to the 
boxes and open the R box first. As she assumed a sitting position 
between the two boxes (her working position), she turned toward 
the left and usually attempted to open the L box on her second 
icsponse All the other monkeys, in assuming the w^orkmg position, 
turned toward the light and were facing the R box for their second 
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TABLB 3 

Error and Time Records for DirrcRENT Subjects 



Daisy 

Goofy 

Squeak 

Bones 

Trials to learn 

134 

72 

102 

114 

Total errors during leaming 

294 

206 

297 

240 

Average errors per trial 

22 

29 

29 

21 

Total time for learning 
Average time of 10 correct 

5820 

m7 

3923 

6694 

successive tiials 

119 

14 6 

171 

14 8 

Time of best single trial 

10 3 

90 

10 4 

no 


response Darsy finally solved the situation, but not by learning to 
turn to the nglit following response 1 Instead, she learned to keep 
liei hold on the lid of the R box aiid> still turning to the left, jumped 
ovei the R box This odd habit peisisted until, after 9 oi lO suc^ 
ccssive collect tiials, Sis changed to a light turn following her first 
response, A discussion of the way in which all of the subjects 
eliminated their errors and learned the double alternation box prob¬ 
lem will be presented latci m cotmcction with the difficulty of the 
various lesponses (see page 371), 

Table 2 records foi each subject the number of correct responses 
in each successive group of five tiials prior to mastery, The extended 
period during which Daisy made only one error is evident m this 
table. 

The uppei pait of Table 3 shows the number of trials foi learning, 
the total enois, and the average enois per trial for each subject, It 
will be noted that Goofy and Squeak leained tlic problem in fewer 
trialb than dul Daisy and Bones, but their average errors aie higher 
than those of the other subjects The average numbei of eiiors per 
trial for the group is 2,5 This figuie is similar to the average num¬ 
ber of eirois per trial of 26 made by human adults (2, Table 3) in 
the 8-response pioblem in the tempoial maze. However, the mon¬ 
keys took an average of 105 5 trials to learn the 8-response problem, 
while the human adults learned a similai problem in the tempolal 
maze m an average of 6 2 trials. The lowci half of Table 3 pre¬ 
sents fhe total time consumed during leaming by each of the subjects, 
togcthei with othei time data which indicates the speed at which the 
subjects weie working after mastery. In comparing the total time 
for the different subjects the number of timls must be borne in mind. 
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TABLE 4 

Ayeragh Time and Error Records for Each Teniii or Learning and for 
T wo CoMPARMlEE PERIODS ThEREAPTCR 


Tenth of 
learning 

Time in 
seconds 

Percentage of 
wrong responses 

1 

1727 

48 2 

2 

713 

37 8 

3 

430 

341 

4 

325 

35 6 

5 

306 

33 9 

6 

310 

27.4 

7 

301 

28 9 

8 

314 

26 8 

9 

268 

20 8 

10 

EoIIowing 

mastery 

228 

210 

1 

16J 

2 + 

2 

170 

12 


Srjuenk: proved to be the slowest subject during tJic lost pint of the 
experiment, as the average time for his 10 successive correct trials 
shows* However, he took less time dining the CAily tiials of tlie 
cxpeiiment than did the other monkeys Bones was the slowest 
moiikev of the gioup, and Goofy and Daisy usually woikcd the most 
rapidly, It should be clear from these time records tliat a faulty 
or cumbeisome appaiatus would have made successful woik almost 
impossible 

Table 4 picsents the aveiagc time and error records of the gioup 
for each tenth of ieaining and for two comparable periods theieafter. 
Time records aie stated in terms of average total seconds per tenth* 
Eiroi recoids are in tcims of the pciccntagc of wiong jcsponsc& for 
each tenth of learning These data arc plotted m Figuic 2 The 
line foi average time is simil.u to time ciiivcs usually found for 
oidinary habit foimation The line for errors drops toward the 
base line suddenly and continues close to that level .after the point 
of learning 

(L Relative difficulty of responses In the two picccding 
papeis (1, 2), T have analyzed the data for errors in oidci to deter¬ 
mine which icsponscs in the senes of responses constituting a trial 
weie learned most and least easily by the different subjects This 
was done in the hope that additional light might be thrown on the 
nature of double alternation behavior The analyses led to tlie cl is- 
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FIGURE 2 

Average Time and Errors for Each Tenth of Learning and for Two 
COMPARABI.E Periods TiiCREAn cr 

covciy of some points of similarity and some points of difference 
between the behavior of different gioups of subjects Let us now 
consider the data of the present experiment from the same point 
of view. 

Table 5 and Figure 3 show the relative difficulty of each of the 
eight responses duiing learning for each subject. The data are 
presented in terms of the percentage of trials in which errors weie 
made by each subject on each dilfeient response Heie a striking 
fact appeals. The records for Bones show a quite different older of 
difficulty among the responses than do those for the other three 
subjects. Daisy, Goofy, and Squeak found responses 1, 3, 5, and 7 
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RESPONSES 


FIOaRE 3 

Pbrccntaob of Trims iv Which Errors Wfrb M^db by E\ch Subject on 
Each Different Response During Lparning 
Note that for three of the subjects the even-numbered responses were 
most difficult (most errors were made on them) but that for the fourth 
subject, Bones, the Order of difBculty was 44-2-1 and 8-7-6-S, Sec the dis¬ 
cussion in the text 


easy, and iespouses 2, 4, 6, and 8 difficult, The differences in per¬ 
centage of errors between the responses in each of these groups are 
slight and the differences between responses of diftercnt groups arc 
large. This is the same type of lesult secured for both monkeys and 
human subjects in the temporal maze, in which the odd-numbcicd 
icsponses were performed correctly most of the time, and the majority 
of ciiors occuned among the even-numbered responses As has 
been explained above, this lesults from a tendency toward simple 
alternation (see page 367). It will be noted that Goofy, who most 
typically pei formed his responses in the older RLLRRLLR 
duiing learning, has recoids which show the greatest difference for 
errors made on odd- and cvcn-numbeied responses In general, the 
Older of difficulty among the first four and last four responses for 
these tliice subjects was, from most to least difficult, 4, 2, 3, 1, and 
8. 6, 7, 5 
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TABLE 5 

Percentage or Triais in Which Errors Were Made by Each Subject on 
Each Dim rent Response During Learning 


Response 

Daisy 

Goofy 

Squeak 

Bones 

1 

16 

15 

15 

6 

2 

55 

53 

50 

22 

3 

20 

15 

17 

37 

4 

42 

64 

66 

48 

6 

9 

4 

H 

5 

6 

31 

60 

41 

13 

7 

11 

$ 

25 

27 

8 

35 

67 

64 

S3 


Bones’s iccords show a difteient Older of difficulty With him the 
order of lesponbes fiom most to least difficult ieads> 4, 3, 2, 1, and 
8, 7, 6, 5 Only during the fii-^t two-tenths of learning did the 
cven-jiumbercd lesponses piove to be moic difficult than the odd- 
numbered responses foi this subject This means that instead of 
responding typically in simple alteination throughout learning, Bones 
tended to make a double alternation of responses He responded 
R R on responses 1 and 2, and on S and 6 Then he learned to 
respond L on responses 3 and 7, and, finally, to lespond L on lesponses 
4 and 8 As this statement implies, the figures presented in Table 5 
not only indicate the responses on which most eitors occuned, but 
also (in the opposite oider) the responses which weie fixed cor- 
lectly most early during the leainuig pioccss* AVith all subjects but 
Bones the odd-numbered responses were fixed coiiectly first, then 
the even-niimbej ed responses were fixed, although a laige per¬ 
centage of errorij on lesponses 4 and 8 usually persisted up to the 
point of learning. 

The order of fixation of coiiect responses fot Bones is most 
unusual fot the double alternation problem, and it is different fiom 
the order for any othei subject tested in the present seiics of experi¬ 
ments. It also differs froni the situation in this respect with rats and 
laccoons where Hunter (S, 6) found that the typical senes of 
responses foi these animals preceding learning was L L ZL and in 
this series tlie second response gave most difficulty and was the last 
to be teamed In making these comparisons it must be recognized 
that some subjects pci formed four responses and others performed 
eight responses pei tiial, but, in every case, except this one for 
Bones, the odd-numbeied responses, pioved easier and were fixed 
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coizectly eailicr daiin^j Icaimng tlian the evcii^numbeicd ic^^ponscs. 
With Bones, icsponscs 1 and 5 were fixed corrcetly during the fiist 
tenth of leaining Responses* 1 and 2 weic icgularly R R after the 
12th trial* and responses 5 and 6 weic icgulaily R R after the 19th 
trial Response 7 appeared regularly as L after the 64tli tiial, and 
lesponse 3 was icgulaily L aftei the 82ncl trial Responses 4 and 8 
icmamed unfixed until the point of learning (115th trial). 

What the explanation of tins diltcrciicc in tjjc behavior of Bones 
and the othei subjects is I do not know. It diffeis markedIv fiom 
his own behavioi in learning the double alternation tempoial maze, 
In that pioblem Bones succeeded in making the second response 
correctly in only 7% of his tiials pieccdiiig learning. It is possible 
that the double alternation of iespouses m the case of this subject 
earned ovei fiom his masteiy of the temporal maze, altliougli an 
mtcival of over six months had elapsed between his 20 successive 
collect trials in the double alternation tempoial maze and the 
beginning of the present oxpenment Rones was the only subject in 
the present problcrti who had had any previous training in the double 
alteination of responses, and he alone demonstrated a typical double 
alternation of responses from an early point in the piescnt expcii- 
ment. 

2. Exieftston of the Double Alteniatwu of Respouses After 
the animals had learned the double alteniatioii of 8 lesponscs, they 
were tested on longer senes Bcfoie these tests were made, however, 
each subject was tiained until he could perform 10 correct trials, of 8 
lesponses each, in succession. Goofy and Bones did this immediately 
following learning Daisy completed her tenth correct successive 
trial 20 trials after Icaioing, Squeak took 23 trials before he had 
perfoimed 10 successive correct tiials, During the 20 tiials Daisy 
made only 1 crroi on each of 3 trials, and Squeak during his 23 ti ials 
made 1 ciioi on 6 occasions. At tlic time the subjects were tested on 
the extended senes of lespomes tlie total number of coricet tiials of 
8 iespouses each for the diffcient subjects was as follows Goofy, 
II; Squeak, 21; Cones, 17; Daisy, 26, During these trials and in 
many otheis in which 6 oi 7 lesponses had been correct, the subjects 
had often attempted a ninth response while I was pulling them away 
fiom the boxes. Invaiiably this ninth response was made toward 
the R (coircct) box This evidence gave promise that tlie monkeys 
would succeed in the double alternation of responses in a series longer 
than 8 iespouses Such piovcd to be the case 
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Goofy was the first animal tried on a seiies of 12 responses. After 
the eighth response he hesitated vciv slightly and then slowlv re¬ 
sponded twice more to the R (coirect). Following this, he came to 
the door of the apparatus of Jiis own accord I took him out at once. 
On the next trial he responded 12 times coircctly without hesitation. 
On the next two trials Goofy pcrfoimed seiics of 14 and 16 
responses, respectively, without error This was the greatest num¬ 
ber of responses it was possible to complete with the present appara¬ 
tus, since there were only 16 food compaitments in the food caiiiage. 
The other monkeys also succeeded m the extension of double alter¬ 
nation to series longei than those used duiing training, perfoiming 
correctly during four successive trials series of 12, 12, 14, and 16 
lesponses With the exception of Goofy^s first extended trial, no 
monkey even hesitated on the longer scries, and no subject made 
errors on these extended trials, 

I had found nothing m my work with the monkeys in the 
temporal maze (1) to indicate that they could not extend the double 
alternation of responses beyond the length of tlie training series. 
The only evidence relevant to this problem consisted in one trial in 
which Bones opened the left fiont dooi of the temporal maze and 
went up the center alley, following liis fourth trip to the front of 
the apparatus, On this occasion he made his fifth response to the R 
(coriect). That evidence, however, could hardly be taken as a 
demonstration of the extension of the double alternation of lesponses. 
The striking performance of the monkeys in the piesent experiment 
IS doubtless due to the fact that the alternation box-apparatus is 
better suited for woik with monkeys than is the temporal maze. 

In successfully extending the double alternation of responses 
beyond the length of the training series, the monkeys demonstiated 
ability m the double alternation problem far superior to that found 
for rats oi raccoons by Hunter. The rat cannot learn the senes 
R R L L in the temporal maze (4, 6), and, even when the lat is 
able to perform the senes of four responses correctly after a special 
type of training, it responds RRLLLLLL when tested upon 
seiies of eight responses (7) The raccoon can learn only the 
simplest form of double alternation, the four response series R R L Lj 
and when tested upon longei series also responds RRLLLLLL 
(5) Human subjects, on the othei hand, can master the double 
alternation problem and extend the double alternation of responses 
beyond the length of the training senes with facility (2). Thus we 
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i5nd for the ability to extend the double alternation of responses a 
genetic senes similar to that found for ability to solve the double 
alternation pioblem and for ability to perform the delayed reaction 
This fact suggests that there may be required in the extension of 
scries some symbolic process or some central neural process similar 
to that assumed for mastery of double alternation and for successful 
peitormancc of the delayed reaction. None of these phenomena can 
be explained upon a stimulus^response chain-reflex basis. 

Additional evidence that ability to extend the double alteination 
of 1 espouses beyond the length of the training scries is dependent 
upon symbolic processes js afforded by tlie bcliavior of human sub¬ 
jects in the double altcination tcmpoial maze. Solution of the 
pioblem of double alternation u^ith human subjects always js ac¬ 
companied by the verbal foimulatioii in the gencial form, ‘'tAVO to the 
nghtj two to the left, etc** (5, p, 378; 2, p, 207) These verbal 
lesponses are the symbolic processes which supplement the non-dif- 
feiential stimuli cncountcied while lunning the temporal maze, and 
make possible the double alternation of responses In trials Avith 
extended senes, the subject typically makes the number of icsponses 
contained in the regular learning trials and then hesitates, Since he 
is not released fiom the maze at this time, he is confronted by a 
general form, *‘1’U folloAv the same plan [two-two] in these addi- 
tional icsponses (“choices’* and tiips thiough the ma/.c) Fiom the 
verbal behavioi of subjects at such times and from then verbal 
reports thereafter it is clear that the subjects arc enabled to perform 
the double alternation of responses throughout these extended series 
by means of tlieii verbal formulation, “tAVo to the iiglu, tAVo to the 
left,** together with a self-admmistered instruction stimulus of the 
general form, “I’ll foUoAV the same plan [two-two] in these nddi- 
tional choices 

This aspect of double alternation behavior may be compared Avith 
certain of the behavior tests used in the Army Intelligence Exanniiia- 
Uons. The following is a partial rcpic'^entation of the number senes 
completion test from Form 5 of Gionp Exainmatioii Alpha (9, 
p. 225) 

TEST 6 

4- 6 B 10 12 U 16 

8 7 6 5 13 2 

2 3 3 5 5 


2 


9 

samples 

2 


7 4 


1 


7 


2 


7 


7 
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Look at each low of numbers below, and on the two dotted lines write 
the two numbers that alioiild come next 


3 

4 

5 

6 

7 

8 



to 

IS 

20 

2S 

30 

35 

40 

45 

3 

7 

6 

5 

4 

3 



3 

(r 

9 

12 

IS 

18 



5 

9 

13 

17 

21 

25 

, , 


8 

1 

6 

1 

4 

1 

- 



In these tests the task of the subject is twofold. Fust, he must go 
ovei each senes of numbers until he can induce a foimula for it, 
This behavior coresponds to the trials lequired by a subject to mastei 
the double alternation pioblem Secondly, the subject must utilize 
this formula in wilting additional numbers of the senes This 
corresponds to the extension of senes test in the double alteination 
pioblem wlieie the subject must also utilize a foimula, secuied m 
successive trials on a senes of given length, to make additional le- 
sponses in an extended series. It will be noted that in the double 
altei nation problem the extension tests aie presented without warn¬ 
ing 01 instructions to the subject, whereas m the mental tests specific 
instructions to “wute the two numbeis that should come next*’ are 
given This, however, does not appear to be a significant difference 
in the two situations. There is a close resemblance between the 
double alternation extension of seiies tests and the following sample 
taken from the X-0 Seiies test Form 0 of Group Examination Beta 
(9. p. 253) 

[7 I 0 [ 0 I To l~^rx I X I Q I 0 I'x^ I \~\ I I 

Here the subject should add 00 and XX, while in the similar double 
alternation test he should respond R and L L, This general type 
of extension problem is commonly recognized to involve thinking, 
which is largely, if not wholly, a matter of language responses. These 
language responses are themselves symbolic processes which in man 
are most highly developed in the form of veibal behavioi. Thus it 
appears that ability to successfully extend the double alternation of 
responses bej^ond the length of the tiaming series, as well as ability 
to leatn double alternation, may be consideied as an indication of the 
presence in subjects of symbolic processes 

3 Co7ittols for Possible External Cues Following the tests on 
extended series, three controls were introduced to discover whether 
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the subjects were dependent in their double alternation of icsponbes 
upon cues from the expcrimcntei or from the apparatus itself. In 
addition to the results of these contiols, 1 present below an analysis of 
certain forms of behavior which were related to the factors for 
which Contiols were intioduccd. Preceding these controls each 
animal was given five additional piactice tuals, Goofv, Squeak, and 
Bones each made one eiror on one of these five trials, but Daisy per¬ 
formed them all correctly Befoie piocecdijig to the desciiption of 
the contiols used, let us analyze the apparatus and its manipulation 
in oidei to discovci possible sources of cues that the subjects might 
be leceiving which would enable them to jieiform the double alter¬ 
nation problem successfully, It must be gi anted that the first re¬ 
sponse 15 somewhat different from the others in that it follows the 
release of the animal from the fiont of the appaiatus, whereas the 
othei responses follow the taking of giapcs horn one box oi tlie otijcr. 
However, no control needs to be introduced in this connection since 
the pimciplc of double alteination is not involved at tins point in the 
tiial Visual stimuli fiom within the cage arc identical from re¬ 
sponse to response* Pieceding each response both boxes aie closed, 
and theie is nothing movable except tlie lids of the boxes Outside 
the appaiatus one variable factor did exist This was tlie food car¬ 
nage which projected 9 inches to the left of the apparatus at the 
beginning of each trial and Wtis moved 2}i inches toward the right 
following each icsponse During responses 7 and 8 the food cai- 
riage was m view on tlie right side of the apparatus A control of 
this factor will be described latci. No other appaiont visual cues 
existed. Olfactory cues are improbable in that all compartments of 
the food carriage contained grapes on each trial, Hence the odor 
of food was present in both boxes at all times. The movement of 
the lids could give no differential auditory cues The food cainagc 
was moved one section before each response, and presumably made 
no differential sounds during this movement. 

Since diffeicnt keys unlocked the boxes, it seems possible that dif¬ 
ferential cues could originate in them. It was necessary that this 
factor be controlled before the alternation box-appaiatus could be 
accepted as a satisfactory test of double altei nation To test for 
this possible cue the following contiol tests weic made 

Cotiirol 1 In this control both kevs were depressed .ind not 
moved again during the entire trial Both boxes were tlius unlocked 
and the subject could open eithei box on each response Each sub- 
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ject was given 10 trials with tins control. Goofy performed 8 of 
these trials correctly. Bones made an error on his first trial with 
this control but perfoimed the last 9 trials correctly Daisy and 
Squeak made no errors during the 10 trials with this control. These 
results indicate that the monkeys were not dependent in their double 
alternation of responses upon differential cues from the keys wliich 
unlocked the boxes Altogether there were only 7 crrois out of 
320 responses during Control 1 

At the time each monkey finished the first control he was per¬ 
forming the double alternation of 8 responses correctly and very 
rapidly This led to a form of behavior which for a time appeared as 
a possible differential factor It consisted m the fact that the subjects 
frequently tried to hold open tlie box lids following responses 1, 3, 

and 7, i e» following the fiist of each pair of responses^ R or L. 
Was this inherent in the incieased speed with which the subjects 
were now working, or was it a source of differential cues which made 
the perfoimance of the double alternation problem possible for tlie 
monkeys? If the latter weie tiue the situation would be as follows. 
On the first response (to the R) the subject would encounter a 
completely closed box and this would lead to a second response (to 
the R) But during this response he would have been making an 
effort to hold the box open and this situation would call out a turn 
to the left for the thiid response Heie the closed left box would 
be encountered preceding the third response (to the L), and the kft 
box being held open would be encountered preceding the fourth 
response (to the L) That is, preceding the first of each pair of 
responses on either side, the box on that side would be closed and this 
would call out a second response to the same side Pieceding and 
duiing this second response, the box was bein<j held open and this 
situatjon would call out alternation to the other side. I decided to 
deteiiTune just how definite this tendency was 

The phenomenon appeared most definitely in the case of GoofVj 
who, as has been stated, worked the most rapidly of any subject. He 
was given 25 trials during which careful records were kept of his 
‘^holding”* behavior Records foi the other subjects were kept for 
5 trials each. If this ^‘holding’^ behavioi were playing an impoitant 
part in the determination of the double alternation of responses, it 
should appear for each subject in a large percentage of the odd- 
numbered responses Table 6 shows that this is not the case, The 
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TABLE 6 

Total Numder and Percentage of Times Boxes Were Heid on Odd- 
No mdered Responses ny Each Sunjicr 


Subject 

Number 

Percentage 

Daisy 

5 in 20 

25 

Bones 

S in 20 


Goofy 

45 in 100 

45 

Sq uenk 

13 in 20 

65 


percentage of boxes held open by each subject on odd-nunnberctl 
responses is small with all subjects except Squeak 
Table 7 shows the number of trials during this annlysis of be- 
havior in which the subjects tried to hold open various numbers of 
boxes In one trial the subject could have held fiorn 0 to 8 boxes 
Squeak was the only subject who held at least one box on every trial 
Goofy was the only subject who held 4 boxes open on several trials 
Fiom this table it appeals that 1 or 2 boxes were held in a typical 
trial Goofy held not only odd-numbered boxes, but on 3 occasions 
held even-numbered boxes for very brief periods of time* Squeak^ 
record shows the greatest percentfige of odd-numbered boxes held. 
The trials on winch these data were tabulated for him were given 
following Control 2 (to be described below) It may be that some¬ 
thing in the nature of that control led to the result'> found foi 
Squeak here. These records demonstrate clearly that no animal 
invariably held the odd-numbered boxes 

Table 8 shows the total incidence of holding occurring on each 
of the odd-numbeicd responses during this analysis of bcliavior 
Only the fiist box was heJd open a large percentage of times, and 
even It was not held invariably Furtheimoic, the third response 


TABLE 7 

Numder of Tauis in Wihcti Different Subjects I'ried to Holb Open 
FROM 0 TO 4 Boxes 


Numbei of 


Number of trials for different subjects 

I'otal 

boxes held 

Daisy 

Squeak 

Bones 

Goofy 

per trial 

in 5 

in 5 

in 5 

jn 25 

in *10 

0 

1 

0 

2 

1 

4 

1 

3 

1 

0 

9 

13 

2 

1 

0 

2 

10 

13 

3 

0 

4 

0 

1 

5 

4 

0 

0 

1 

4 

S 
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TABLE 8 

ToTAi Numder and Percentage of Trials on Which Boxes Were Held 
Open on Odd-Numdcred Responses 


Response 

Number of times 
in 40 trials 

Percentage of 

40 trials 

1 

31 

77 

3 

18 

4S 

5 

10 

25 

7 

12 

30 


involved this holding behavioi in less than one-half of these trials, 
and responses 5 and 7 even a smaller percentage* Goofy held the 
first box 23 out of 25 times No other subject held on the first 
lesponsc moie than on other odd-numbeicd responses. It is evident 
that the holding behavior under consideration appeared too Irregu¬ 
larly and infiequently to seive as the controlling factor in the double 
alternation of icsponses. Furthermoie, it appeared late in the ex- 
peument afie?^ the double altcination of iespouses had been mastered 
It is likely that this holding behavior was meiely a function of the 
speed at which the subjects attempted to work 

GovUol 2, As a further check on whether the position of the 
lids of the boxes played an impoitant lole in controlling tlie double 
alternation of lesponses, I earned out the following control with 
Daisy, Squeak, and Bones.^ In this control the subject was pre¬ 
vented fiom holding the box lids open since the boxes xuere held open 
by the experimenter at the times during the tiial when holding be¬ 
havior was likely to take place The lid of each box was held open 
by the experimenter after it had been opened by the subject, and was 
allowed to fall only after the subject had turned away fiom this 
open box to the other (closed) box If the holding of boxes wcie 
playing an impoitant causal part m the double alternation of re¬ 
sponses, this control should upset the subjects, smee in it holding be¬ 
havior was prevented by keeping the boxes open Even if the sub¬ 
jects were not lesponding m double alternation from cues received 
fiom holding the box lids, it seemed likely that an open box following 
the second of each pair of responses on either side would cause the 
animal to wait'for another giape at that point. If, on the other 

“’As stated above, Squeak took this control before the analysis of behavior 
which followed Control 1 for the other subjects Goofy was not tested on 
this control, as he had been started on another problem 
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lianc), the subject turned sliaiply away fiom one box (u'lucli was be^ 
mg held open) nftei taking his second giapc^ and opened tlie other 
box (which was closed)^ it would definitely indicate that the mon¬ 
keys weie not dependent upon the positions of the lids of the boxes 
for the contiol of then double altei nation of iespouses 

Let us now considci the results secuied in Contiol 2 Squeak 
hesitated slightly aftei taking his second and fourth giapes on his 
fiist trial. Thercaftei all of bis turns following cven-niunbeicd 
grapes weie very shaip After taking the fiist giapc from each 
box, lie waited foi anothei, even thougli I delayed in moving t)ie 
food caiiiage After taking the second grape, howevci, he im¬ 
mediately tinned and opened the othci bo\ This indicates de¬ 
finitely that he was pcifoiming the problem with a wcll-cstahlished 
habit of double alternation Bones made no pause aftci icsponse 2 
ot his fiist tiial in this contiol Following response 4 he turned to 
jR^ put paused slightly bcfoie opening that box Aftei response 6 he 
“looked^’ into the R box before turning to 7^1ieretiftcr lie made 
all turns following even-numbcicd i espouses quickly and shaiply 
Daisy did not hesitate at all dining this control All of her tuins 
weie veiy shatp following even-iiumbcicd responses, On hei last 
trial on this control I delayed presenting food foi responses 6 and 8 
foi seveial seconds to sec if she would fail to wait for a second giape 
on the R and L lespcctivclv She not only waited, but put her head 
down very close to the boxes, Aftei receiving the second grape in 
each case, however, slie turned at once to the othei box On this 
trial she made d definite ninth iespouse to tlic R Tlic results of tills 
control indicate cleaily that nothing in the position or operation of 
the box lids, or in the <;peed with which the food carnage was 
moved, was controlling the double alternation of icsponscb in the 
monkeys 

Contiol 3 The only othci feature of the appaiatus which 
seemed to be a possible source of dlftcicntial cues thioughout tlic 
senes of iespouses on each trial was the fact that the food cainagc 
was usually moved fiom the left to the light So far as I could 
obseivc none of the subjects rcacled to the poitions of the food 
caniage extending to cither side of the appaiatus, after the first few 

^By ‘^looked” I mean a reaction 'ivhich seema typical with rhesus inonkevs 
Bones twisted his head to the side and lowered it directly toward the hat- 
tom of the open box in s quick movement This reaction is usually accom¬ 
panied by an extension of the hmd-Iiinbs 
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trials of the experiment during which habituation to the problem 
took place. (It would have been possible to cover the platfoim on 
which the food carnage moved, but this would not have controlled 
any auditory cues inlicient in the operation of this part of the 
appaiatus.) Tests were made to determine whether the pi ejection 
of the food carriage out to the side of the appaiatus influenced the 
behavioi of the monkeys, In these tests the food carnage was 
operated from right to left and extended out fiom the appaiatus in 
a different fasluon with lespcct to the senes of responses than was 
usually tlie case This control was mtioduccd on three tnals In 
no case was any change in behavior apparent with any of the 
subjects 

In addition to the evidence gained in the control tests, ceitain 
other features of the expeiiment indicate that the subjects were not 
lespondmg to cues from the expcrimentei, oi from the apparatus, At 
no tune tliroughout the experiment did the animals give any evidence 
of receiving visual cues from the expciimentci On a numbei of 
occasions othei persons than tlie expeiimentcr obseived the monkeys 
work So long as these persons made no sound, and weie separated 
from the subject by the panelled side of the apparatus and the screen, 
no disturbance in the subject's pcifoimancc was noted. On vaiious 
trials I followed the plan of varying the operation of the appaiatus 
by a change of the position at which I sat and the hands with which 
I operated the different parts of the apparatus On one dav I 
weighted the levers which controlled the box lids in such a wav that 
the lids fell very quickly No change In the behavior of the subjects 
was noted All of these points lead to the same geneial conclusion, 
that the double alternation box-apparatus is a satisfactoiy and ef¬ 
ficient means of testing subjects on the double alteination problem, 
since it gives no cues which might be used by the subject in the 
contiol of the double alternation of responses 

During the trials on 16 lesponses a very interesting foim of be¬ 
havior appeared, In Older to present 16 grapes it was necessary to 
move the food caiiiage in an unusual fasluon. It must be moved once 
to the liglit, once to the left, and theieaftei three times to the right 
and once to the left, etc I piacticcd this proccduie seveial times but 
in the tnals with tliiee monkeys I made mistakes In moving the 
food carriage. The result was that on the 16th response foi each of 
these animals an empty food compaitment was picsented Instead 
of turning to the other box the monkej^s looked and looked into the 
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empty box. Bones twisted his head to the side and put it down close 
to the box- Then lie iooked behind the opened lid and again into 
the box ^ He made no move to turn to the other side. Similar be¬ 
havior appeared with Goofv and with Squeak. This is a definite 
exhibition of a double alternation tendency, in tliat the animals did 
not turn away at once as they would have done had they secured a 
second grape from this box It is true that the empty box presented 
different stimuli than one containing a grape However, the monkeys 
encountered open, empty boxes duiing Control 2, after taking tiuo 
grapes from the same box, and behaved m an entirely diffeiciu man¬ 
ner Control 2 demonstrated that, after learning double alterna¬ 
tion, the monkey will not stay at an open box aftci getting two 
grapes from it, and the behavior dcsci ibcd above, together with that 
found for Daisy on her last tiial on Contiol 2, indicates that the 
monkey will stay at one box until It has received the second grape 
Such perfoimancc indicates that the double alternation of tcsponscs 
in the monkey js controlled by some process within the animal. It 
does not indicate whether this process tends to leprescnt the cumu¬ 
lative effect of previous responses duimg the trial oi the general 
pattern of the total response to be made 

Summary and Conclusions 

In this expejimcnt four monkeys were trained in the double altei- 
nation of a series of eight responses, RRLLRRLL, with a new 
alternation box-appaiatus This appanatm consists ot two small 
boxes biult Jiisidc a cage upon the top of a tabic. During the ex¬ 
periment the animal sits bcfoie oi between these boxes, and should 
open their lids in the older stated above, thereby securing bits of food 
The apparatus js adapted to tlie study of double alternation in much 
the same way as is the temporal maze, in that the response of opening 
a box, taking a grape, and allowing the lid of the box to close, is 
equivalent to a trip around one side of the temporal mave Tluougli- 
out the expel imcnt the monkeys were very tame and could be handled 
with ease This fact is of impoitance, since it contiibuted toward 
the excellent lesults whicJi wcic sccuied m this experiment. 

All of the subjects mastered the double alternation problem in 
from 72 to 134 trials Eaily in Icainmg the tvincal senes of re- 


^One 19 somewhat renrunded of the results obtained by Tinklepaugh (8) in 
hjs study of quabralive representative factors when his monkeys found let¬ 
tuce in contameis in which btinartas had apparently been placed 
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sponses was R L L R R L L Rj in which the ocld-numbcied responses 
aie collect This type of senes has been called ^‘alternation after 
success” by Huntei (6) In view of the fact that duiing this series 
the subject tties first one side (box) and then the other (box) as 
lapidly as possible, this ioim of lesponse should be desciibcd as a 
swiple alte)nation of reactions lathci than as “alternation after 
success” This interpietation is also applicable to the same series of 
responses in the tempoial maze 

Dining leainlng three of the subjects encountered more difficulty 
with the evcn-numbeied responses than with the odd-numbeied 
responses This is the usual result in the double alternation problem, 
since naasteiy of this pioblcm appaiently consists in the subject 
leaining to bieak down the simple altei nation of leactions dcscubed 
above A situation quite different from this was found m the fourth 
subject, who exhibited a tendency towaid double alternation from an 
early point in the experiment During learning this animal passed 
successively tlirough the following series in the fixation of coircct 
responses ’ 

R - R - 

R R - R R - 

RRL—RRL — 
RRLLRRLL 

In these senes the responses indicated by letteis were the same (and 
correct) trial after trial, and the responses indicated by dashes were 
sometimes R and sometimes L. The subject who exhibited this 
behavior was the only monkey who liad received previous training 
in the double alternation of responses, but there is no way of knowing 
whether m the case of this subject the double alternation of re¬ 
sponses carried over from his mastery of the temporal maze. 

After learning, each subject was trained until he could perform 
10 correct trials, of 8 responses each, in succession. He was then 
tested upon series of responses longer than the training series (i.e., 
trials with from 12 to 16 responses each) All subjects performed 
these longer trials perfectly, thus indicating that the double alterna¬ 
tion of responses in these subjects was not limited to the length of 
the training series. An analysis of this extension test shows that 
ability to extend the double alternation of responses beyond the 
length of the training series as well as ability to learn double alterna¬ 
tion may be considered as an indication of the presence m subjects of 
symbolic processes. 
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Controls weic introduced to test whetliei tlic subjects were clc^ 
pendent m their double alternation of responses upon cues fiom the 
experimenter or fiom the appai.itus itself. The double aItcination 
behavior of the subjects was not changed in any way bv these 
controls. The fact that the subjects were responding in double 
alternation in the absence of diJfcientia! or proprioceptive stimuli 
received in the cxpcnmcntal situation indicates that then beJiavior 
was contioiled by some symbolic process or some cential neural 
process. 

Wily were the results sccuied in the present expenment so much 
more positive than those secured with monkeys in the tcmpmal maze 
(1)? I believe the difference is due to the apparatus used in the 
present experiment, Theie arc scvcinl factors which contiibute to 
the greater ease with which the monkey can leain the double alter¬ 
nation problem m the alternation box-apparatus than in the temporal 
maze Instead of locomotion, the use of the fore limbs is reqiiiicd, 
and the monkey is adept in this respect. Food is secured immediately 
following each response in tJie box-apparatus, while in the temporal 
maze the animal must proceed to the front of the apparatus bcfoie 
seeming food. Finally, the responses follow one another much more 
quickly in the box-apparatus than in the temporal maze, The best 
time for 4 responses in the temporal maze was 33 seconds, while 8 
responses have been completed in the alternation box-apparatus m 9 
seconds, It seems likely that the. alternation box-apparatus expen¬ 
ment will be better suited for work with young children than the 
temporal maze was found to be (2). 

The results of the present experiment make possible the following 
conclusions * 

1. Tile monkey can master the double alternation 
problem m the alternation box-apparatus very de¬ 
cisively. 

2 Following learning these subjects can extend 
this double alternation of responses to scries of greater 
length than the senes upon which they were trained 

3 The double alternation of responses under these 
experimental conditions is independent of cues from 
the experimenter and from the apparatus itself 

These results indicate tliat the alternation box-apparatus may be 
placed with the temporal maze as a valid method of testing for 
ability to perform double alternation, and thus for demonstrating the 
piescnce of symbolic processes 
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General Conclusions 

In general, the results of the three experiments of this senes bear 
out the position taken by Hunter concerning the relationship of the 
double alternation problem and the delayed reaction experiment, and 
the explanation of the performance of the former problem in terms 
of symbolic processes (5). Several facts have appeared which in¬ 
dicate that the double alternation problem requires for its solution a 
different type of ability than that found in ordinary habit formation 
of the spatial maze type. All subjects thus far tested in the double 
alternation problem fall into genetic senes with respect to their per¬ 
formance in vaiious aspects of the problem. In some of these genetic 
scries, rats, and, in others, human subjects are found to be at the top. 

Human subjects who solve the double alternation problem all 
formulate it verbally m the general form, ^'two to the right, two to 
the left, etc,” The exact time relationship of this behavior and the 
solution of the problem is not yet known. The symbolic pioccsses 
utilized by human subjects to supplement the non-differential stimuli 
encountered during the pciformance of double alternation arc these 
verbal responses. In the sense that this type of symbolic piocesses 
seems most efficient in the solution of the double alternation problem, 
and since human subjects are most able to master this problem, the 
ability required to solve the problem of double alternation may be 
said to be ‘^typically human.” 

On the other hand, in the fixation of the first correct response of 
the double alternation problem following introduction into the ap¬ 
paratus, human subjects have proved to be less able than other 
subjects that have been tested upon the problem Evidently, the 
ability required hcie is of a different sort than that mentioned above 
This aspect of the temporal maze situation is in many icspccts 
similar to the usual spatial maze situation In it rats are found to be 
most, and human subjects least, able. 

In the double alternation problem two general response tendencies 
are discernible and these appear to be mutually opposed. They are 
the direction tendency and the tendency towaid simple alternation 
The human subject exhibits the formei of these tendencies only 
slightly, and the latter very definitely With the rat, the situation 
is just the reverse of this. 

All of these differences in the double alternation behavior of 
different subjects indicate that the double alternation problem re¬ 
quires in its solution an ability which is present m the highest degree 
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TABLE 9 

Relawe Ability Demonstrated by Dii-ferent Subjects in tjif Delayed 
Reaction and in the Double Alternation Problem and Relative 
Prominencp of Various Types op Behavior UxuioiTfiD in 
Learning the Double Alternation Problem 


Type of behavior 

Relative order from 
Human 

subjects Monkeys 

most to least 

Raccoons 

Rats 

Delayed i cacti on 

1 

2 

3 

4 

Double alternation 

1 

2 

3 

4 

Extension of aeriea 

1 

2 

3 

3 

Simple alternation 

behavior (R L R) 

1 

2 

3 

4 

Direction tendency 

[RILL) 

4 

3 

2 

1 

Associntion of Brat 

turn and entrance 

4 

3 

2 

1 


m human subjects, less in monkeys, still less in raccoons, and least 
of all in rats. Some of the evidence iiidicatcs that a certain type of 
ability (presumably required in the usual spatial maze) is pos¬ 
sessed by these same subjects in about the reverse order of that stated 
above, Table 9 indicates the order into rvhich these subjects fall m 
respect to the abilities they have demonstrated in the types of be¬ 
havior we have been discussing throughout this senes of experiments 
These facts, added to Hunter’s theoretical analysis (5), lead to the 
general conclusion that the double alternation problem may be 
placed with the delayed reaction experiment as a valid method of 
testing foi tlie presence of symbolic processes in human and Infra¬ 
human subjects 
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LE PRODLfeME DE L'ALTERNATION DOUBLE 
HI LE COMPORTEMENT DES SINGES DANS UN APPARETL DE 
BOITES A ALTERNATION DOUBLE 
(Resume) 

On a entraine qiiatre singes ihesus dans im appaieil nouveau de boite k 
alternation double lequel est original dans cette enquete Get nppareil 
compose de deux petites boites coiistriutes dans une cage sui )e 
haiit dhine table. Pendant I’expenence Pannnal reste assjs dev ant ou entre 
CCS boites, et doit en ouvrir Jes coiivercics cn i’oidre DDGGDDGG, 
pbtenant ainsl des morceaux de nouriiturc L^appnrcil est adapts a P^tude 
de I’alternation double d^tl peu pr^s la merae mani^re que le labyrinthe 
temporel Tous les siijets ont r^solu le problime en de 72 a 134 epieuvea. 
Lea controles ont montr6 que Us sujets repondaient cn alternation double 
sans Paide des stiniiili dificrenticis exteroccptifa ct propnoccptifs de I’appareiL 
Tr^s tot dans I’apprentissage la s6iie type des i^ponses ont cte D G G D 
D G G Df ou Us r^ponses impaired sont correctes, Cc type de seiiea a 
appel6 par Hunter “ralternation apr^s le succ^s ” En vuc dii fait que 
pendant cette s6rle le aujet casaie prcmieremcnt une boite et cnsuite Tautre 
aussi vite que poaaiblcj on doit decrire cette forme de rdponse comme le 
comportemeni d’altemaiion simple. On pent appliqucr cette interpretation 
aussi h la meme s^rie de reponscs dans le labynnthe temporel 
Pendant Papprentigsage trois des sujets ont troiiv^ plus de difBculU 
Dvec les reponses paires qii'avec Ics reponses Impaires Cest ici le r^sultat 
ordinaire dans le probUme dc I’alternation double, puisque la resolution 
de ce probleme semble depend re du fait que Ic sujet apprgnd h rompre 
Talternation simple des reactions d^ente ci-dessus, Le qiiatrieme sujet, 
cependantj a montre une tendance vers Vallernati07i double de bonne heure 
dans Inexperience Ce singe ovait pr6alablement appns le labyrinthe tem¬ 
porel k alternation double 

Apres Fapprcntissage on a teste chaque sujet sur des series de 12 k 16 
reponses. Tous les sujets ont subi parfaitement ecs epreuves plus longues, 
indiquant ainsi que Valternation double des reponses chez ces sujets n*a 
pas 6te limitee k la longueur des senes d’entraincment 
Plusieurs facteurs contnbuent k 1o plus grande facilite ayec laquclle le 
singe pent apprendre le probl^itie de I’alternauon double dans I’appareU dc 
boJtes pour I'alternation quo dans le Inbyuntlie temporel, Au lieu de la 
locomotion Tusage des avant-bias est cxige ct le singe est habile i cet egard, 
II obtient de la nournture imm^diatement apres chaque reponse dans 
Pappareil de boites tandls que dans le labyrinthe tetnpoicl il fnnt que ^animal 
aille au devant de I’apparell avant d'obtenir de Ea nournture Enfin, les- 
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reponses suivant !’iinc ]‘autrc hcauconp plus vJtc Hans I’apparcjJ de holies 
qiie clans Ic labynntlic tcmporel 

Ccs indiqucnt que Tappateil dc boitcs po\ir t'alternaiion pent 

etre place avee le labyunthc temporel comine une mdihocle de “valcur pour 
tcstei la capacity d'ex^cuter Valtcrnaiion double, et ain'»i pour montrer la 
pjcscncc des processus syniboJjques 

Gei lermann 


DAS PROBLEM DER DOPPELl'EN WECIISELFOLGE 
in DIE TaTIGKEIT von AFFEN in EINEM KISTLNAPPAKAT 
2UR UNTERSUCHUNG DER DOPPELTEN WECHSELFOLCiE 
(DOUBLE ALTERNATION BOX-APPARATUS) 

(Refcinc) 

Es wnrde/i vicr macncus rhesus Affeu drcssicU in cinent htf cliesc Un- 
tcr^^ucluing neii eifundcncn Appaint fur doppcltc Wechselfoige Dieses 
Apparat besteht aus zwei kleincn Kisten wclche innerhalb cines Kniiga 
aiif cinem Tisch aiifgebaiit worden sind Walirend cles Versiiches siUt 
das Tiei vor oder zwischen dicscn Kisten E& sqU die Deckel dcr Kisten 
oflfneri in dcr Rerhcnfolgc rcchts, rechts, hnks, links» rcdits, reclils, links, 
links, und auf these Weise Stiickchcn Nahnmg errcichen Das Apparat ist 
7iir Untersuchiing der doppeltcn Wechselfoigt so ziemhch auf die sclbe 
Weise geeignet wie es das Zeitlabynnth (temporal maze) ist Alle Ver- 
^uchstiere bemMstcrteo das Problem in 72 bis 13+ VcrsucUen, Versuchc an 
Kontrolltieren erwicsen, das die Tiere m doppeltcr Wcchscifolgc leagierten 
obwohl sie (lurch differenzicrende ausserliche (exteroceptive) und inner' 
liclie (proprio( eptive) Rmze von dem Apparat aus keine Ililfc erhiclien 
Am Anfnng dcs Lernens war die typische Renktionssenc RLLRRLLR, 
wobei die crate, dntte, fiinftc u a w, (odd-numbered) Reaction nchtig war 
Dicse Scrienform lat von Hunter “Wcchsel nach Erfolg” (alternation after 
Bucreas) genannt worden, Da das Verauchstier wnhrend dieser Seric wirk- 
lich zuerst die eine und dann die andcre Kiste so achnell wie moglich ver- 
sucht, •io soil dicse ReaJctionsform als eiufache WcchseltatJgkelt hescbncben 
werden (simple alternation behavior) Dicse Deutiing Iqsst sich auch auf 
die sclbe Reaktionsserie in dem Zeitlabynntli uberCragen 

Wdhrend des Leniens fanden 3 der Vcrsuchstierc die mit gleichcn Zahlen 
nummerierten Reaktioncn schwlenger als die mit ungteichen Zahlen num- 
mcricrten. Dieser Befund iat hei dcr Aufgabe der dnppchen Wcchsclfolgc 
del gewohnlichc, da Mcisterschaft uber diesc Aiifgahc dann zu bestehen 
seheint, dasa daa VersuchsUer lernt, die oben heschnebene cinfache Weeh- 
selfolge der Reaktionen zu zerstoren. Das viertc Vcrsuchstier, nber, erwics 
schon frnh in dcr Untcrsuclumg cine Nciguiig zur doppeltcn Wccliselfolge 
Diescr Affe hatte fruher das ZeitJnhyrinih mit doppelreu WechsclfoJge he¬ 
me istert, 

Nach dem Lernen wurde jedes Versuchsticr an einer Seric bestehend aus 
32 bis 16 Reaktionen gepruft, Alle Versuchstiere machten diesc langen Ver- 
suche ganz nchtig Sie deiitcteii auf diesc Weise an, dass die doppcltc 
Wechselfolge dcr Reaktionen sich her disen Versuchslicren nicht auf die 
Lange der DresBicrungsserie beschranktc 

Die Gnindc der Tatsache, dass der Alle das Problem dcr doppellen 
Wechselfolge in dem Kistenwechsclfogcapparat sdhncller bemeistert als 
in dem Zeitlabynnth sind verschieden 1) Anstatt dea Laiifens vcrlanEt 
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das Kistenapparat den Gebrauch der Vordcrpfoten, wonn der Affe schr 
gewandt \st 2) In dem Kistenapparat erhalt das Tier die Nnhrung aofort 
nacli jeder Reaktion, waKrcnd m dcm Zcitlabynntli das Tier zuerst zur 
Vorderselte dea Apparatea gchcn musa elic cs die Nahrung erhalt 3) 
Schliesslicii folgen die Reaktioncn im Kistenapparat vil rascher aufcinander 
als m dem Zcitlabyrmtiu 

Diese Befunde weiaen darnuf hin, dasa das Kistenapparat zur Unter- 
such ung der Wechselfolge sicli an die Seitc dcs Zcitlabynnthes atellen 
Msst als me triftige Methode, mit der sicli die Fahigkeit, eine doppelte 
Wechselfolge zu bcmcistern, erproben laaat, iind womit also die Anwesehcit 
symbolischer Vorgange (symbolic processes) erwiesen werden kann, 

Gellermann 
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A PRELIMINARY ST'UDY OF THE REACTIONS OF TWO-YEAR-OLD 
CHILDREN TO EACH OTHER WHEN PAIRED IN A 
SEMI-CONTROLLED SITUATION 
Ida. Gaarddr Mengcrt 

Purpose 

The purpose of this study >vas to develop a method for observing the 
social behavior of young children which would also be of use as an educa¬ 
tional Old in modifying the behavior of the children 

Method 

The method la based upon an experiment in social behavior conducted by 
Berne (l) There i3j however, some variation Two children, known as a 
jjflir, were taken mto a small room at a time and told they might play with 
anything they hked Play matcrinls were available, in duplication of ma- 
tciials in the pieschool-group room Each child was paired with each of 
the nmc other children, making a total of 45 pairs The observer closed 
the dooi and observed the children through a screen, unobserved b> them, 
recording the behavior of each of the children in running notes, minute by 
minute, during a 20-iriini|tc period Later, this maiciiol was tabulated, and 
the child's final score in friendliness was inncle up from these tabulations 
The following behavior waa incfudcd unclci the general term of ^^overt 
friendly behavmr” 

Talks to partner in fiiendly manner, replies to partnci’s 
speech, gives toys to partner or offers to do so, includes partner 
in his projects, eg, ‘Tel’s make the bed”, “Roth two play with 
clay'', helps partner by dpfinite aid, or by siiggciition, calls 
the attention of the Other child to what he is doing 
The following behavior wag included under (he general term of “overt 
unfriendly bebnvjor"* 
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Threatens, by speech or gestuie, Juts, pushes, puJIs hair, 
pinches, does not answer, snatches, refuses to share mateiial, 
or to work with paitiiei oi let partner work with him, destiojrs 
other’s constiiiction 

Since all the children were observed for the same length of time, one 
point was given for each instance of overt behavior, fiiendly or mifriendly, 
in the minute in which it occurred The minute was the unit To obtain 
the friendliness score for each child, the total overt unfriendly behavior 
was subtracted from the total overt friendly behavior 

Subjects 

Ten two-yenr-old children in the pieschool laboratories of the Iowa 
Child Welfare Research Station, nine of them from one group, and the 
tenth, known as the test subject, fiom another group 

RrsuLTs 

The influence of the behavior of the partner on the subject’s following 
behavior was discernible in many cases, but no quantitative analysis could 
be made of this factor 

The adults’ influence was icflectcd m the speech content of the children ' 
in 53 iccoided instances, 

When matefiai relating to overt friendly and unfriendly behavior was 
tabulated, it was found thot the aveiage score foi overt fiicndly behavior 
was 89 5 as opposed to 20,S for oveit iinfiieiidly behavior (Tabic 1) 


TABLE 1 


Numeeh, 

TotM , 

A.NQ Mea,n Scores of Ten Children on QEiimoR Items 
Odseeved during OosERVArioN Period 

Child 

Watching 

^ a 

4) s 
> f! 

Behavior 

a 

^ tP 

1- ^ 

o S 

items 

o a 

■H tJ « w 

ipi 

B p 

4-* U cn ^ 

S a P Cl 

J! 2i a 3 

o>i: a ° 

Refusal to 
share plus 
disregard for 
property rights 

/I 

a/ 

73 


22 

21 

18 

B 

16 

110 

2 

lOS 

37 

00 

C 

5 

91 

12 

79 

34 

00 

D 

3 

103 

7 

96 

36 

3 

E 

5 

81 

33 

48 

18 

12 

F 

12 

7+ 

2<5 

48 

25 

14 

G 

13 

107 

3 

104 

23 

1 

H 

17 

7+ 

9 

65 

28 

2 

I 

35 

82 

39 

43 

22 

18 

J 

26 

95 

18 

77 

54 

12 

Total 

R9 

895 

205 

690 

293 

80 

Mean 

H9 89 5 

20 5 

69 D 

29 8 

80 
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The aveiagc scoie for ovcu fnenclljr behavior vyas significantly laigcr for 
the last thiec observations than for the first three when Fishei's formula 
was applied to the means. The scores for ovcLt unfiienclly behavior and 
disregard for pfopeity rights were smaller, but probably not significantly 
so When the unfiiendly was subtracted from the friendly behavior scores, 
and Fishei’s foimula was applied to the averages for the first three and 
last thiee obseivations, the mean for the last three was significantly )jigher 
(Table 2) 


TABLE 2 


Scores / and P tor I elms of Bhhjvvior in tiii First Tnurr avo 
Lasf Thrce Odslrvations 



Observations 




Pint 

Last 


/ 

w he n 

Bchavioi items 

three 

three 

i 

»=18 

Oveit fuendly 

26 8 

33 9 

1 92 

05 

Oveit unfiiendly 

77 

43 

1 33 

2 

Friendly minus unfriendly 

19 1 

29 6 

2U 

05 

Disregard for propeity rights 

40 

1 4 

63 

5 


There vvas consideiablc consistency in the behavior of the individual 
children, as shown by the mmntcndncc of relative position in the group. 
The lankings in the first three and the last three observations are given 
below* 


Behavior items 

Observations 

First three Last three 

Friendly 

Children 

Average or above 

J , . ^ 

Average or above 
Unfriendly 

n, G, J, A, D 

Below aveiage 

B, G, C, D. 11 

Below avei age 

B, G. D, n, J 


When the unfriendly was subtracted from the friendly behavior, and when 
the total of the friendly and unfriendly behavioi was considered, the follow¬ 
ing rankings weie found; 

Friendly minus unfriendly 

Average or above B, C, D, J 

Total friendly 

Average oi above B, G, C, D, J 

Total unfriendly 

Below average G, C, D, H, J 

The following rankings obtained when disregard for property rights 
plu^i refusal to share were added together 
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Disregnrd foi property rights plus 

Refusal to share 

Below overage B, G| C, D, H 

When the unfriendly behavior toward others was subtracted from the 
friendly behavior of the child and divided by the unfriendly behavior 
toward self subtracted from the fiicndly behavior toward self the follow¬ 
ing results were obtained • 

Friendly minus unfriendly 
toward others 
divided by 

Friendly minus unfriendly 
toward self 

Above average B, C> D, G, H, J 

A negative relationship was found between total overt friendly behavior 
manifested by the subject and total overt friendly behavior manifested 
towaid him by the rest of the group m the cases of the children having the 
three higliest and three lowest total friendly scores This is given in 
Table 3 which shows a comparison for individual children between friend¬ 
liness toward others and friendliness received from others when unfriendly 
was subtracted from friendly behavior 


TABLE 3 

Comparison of Fribndtincss toward Others and Friendiiness Rfceived 

FROM Others 


Child 

Toward 

others 

From 

OtIlCl s 

A 

22 

94 

B 

lOS 

49 

C 

79 

64 

D 

96 

58 

E 

4S 

86 

F 

48 

86 

G 

104 

67 

H 

65 

65 

I 

43 

59 

J 

77 

62 

Mean 

69 

69 


The total behavior scores shown toward individual children are given in 
Table 4 

By the rank order method a positive correlation ( 90± 04) was obtained 
for friendhneaa with intelligence quotient, n low positive con elation 
(.29±.02) with mental age, and a low negative correlation (—49± 16) 
with chronological age These results arc suggestive for further study, but 
in nowise conclusive m themselves, since with hut ten cases there is a strong 
possibility that chance operated to make this a selected group 
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table 4 


I'oTAL Behavior Scores Shown eoward Individual Children 


Child 

Overt 

friendly 

Overt 

unfriendly 

Overt friendly 
minus overt 
unfriendly 

A 

104 

10 

94 

B 

87 

38 

49 

C 

99 

35 

64 

D 

78 

20 

58 

E 

9S 

12 

86 

T 

99 

13 

U 

0 

86 

19 

67 

H 

80 

15 

65 

I 

81 

22 

59 

J 

83 

21 

62 


There seemed to be si tendency for qunfUy of work .iccomplisiicd (adult 
standards) to decrease with increased socinbi1ity« 

Several variations in methods used by the children to keep the situation 
in hand were noted. In cases where a method more advanced than force 
was used, tt was tiaceable to the example of the preschool or home situa^ 
tion 

The obseiver feels that the method is to be preferred to observation in 
the usual preschool group in cases where the data desired is obtainable in 
either situation The situation icmained constant except for the change in 
paitner, having this advantage over the school situation The childien 
were not interrupted by group nctiviiics, or by other children other than 
the partner. They also had less opportunity to evade issues, since there 
was no escape from the room, nnd no one to help them out of a difficult 
situation The observer, who was unobserved by the child, was m o posi¬ 
tion to see the behavior of the latter nnd hear his commenta, without fol¬ 
lowing him about, The children reacted favorably to the method In 
only two instances out of a total of +5 obsei vations was it necessary to 
interfere, once at the end of 12 minutes, and once at the end of 18 minutes* 

It is the opinion of the writer that the method is of value as a teaching 
aid, since (rt) the average friendly score was Rrcater during the lost three 
than the first thiee observations for all children, {b) the child whose be¬ 
havior changed most innikcdly went through the senes in the shortest time 
(19 days as compared with 44 to 77 days for the othcis) , (f) each of the 
nine subjects when paired with Subject A (the test subject) showed far 
greater tendency toward self-control and attempt to solve the difficulty 
rather than evade it than had been observable in the first pairing, and (d) 
one child, who in his first pairing called for help on three sepnratc occasions 
when his partner snatched liis clay, in his test pairing (the first for the test 
subject) prevented the partner from taking Ins materials, directed her in 
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her activity, explained hia rights to her, and made no attempt to get aid, 

The reasons for difHculties which certain children often had in the group 
room were discovcied by this method, when they had not been pciceived by 
the teachers during a semester, The observer was able to predict in seven 
out of the nine cases what the general behavior would be with the test 
subject, After nine 20-mmute obaervntions, the observer was able to give 
information to the teachers of the test subject which was of use education¬ 
ally. 

Summary and Conclusions 

The writer feels this study demonstrates a method which is of value as 
one means of reducing the numbei of variables in an observational study 
It demonstrates, further, that for purposes of quantitative results it is de¬ 
sirable to limit the observations to certain definite behavior patterns instead 
of attempting to record all of the behavior, since the only material it was 
possible to use quantitatively in this study was that which was concentrated 
on in the observations The method is recommended as an educational aid 
in modifying behavior, but the writer would make some changes, notably 
more frequent pairings in the case of each child, and a more limited change 
in partners (These subjects were paired once each week, and with a 
different child each time Only the test subject was paired every day, or 
every other day.) 

The most significant data of the study are those which reveal the rela¬ 
tively high scoiea for friendliness as compared with those for unfilendliness 
on the part of all members of the group, and the negative relationship 
between the friendliness manifested by the subject and that manifested 
toward him, in the cases of the children having the extreme scores The 
most useful part of the data is on the qualitative side, in leads and sug¬ 
gestions for further study in the field of social adjustment, 
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A COMPARISON OP BLOOD-PRESSURE METHODS 
Matthew N Chappell 

The recent contioversy (5, 2) between Di, Carney Landis and me re¬ 
garding the use of blood-pressure in the detection of deception points to the 
desirability of publishing some data that was gathered some three years ago 
on the comparison of the phenomena measured by the intermittent and the 
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so-called continuous methods of obtaining blood-prcssiiro The former 
method hng been in use throughout the history of blood-pressure measure¬ 
ment, It was developed at a time when physiologists were familiar with 
the laws of hydraulics and careful analysis and experiment shows that this 
method measures the lateral pressure of the aorta (3, 4). The continuous 
method Wtis developed by Larson, who was seeking a method of detecting 
deception which would catch all the pressure changes, many of which may 
be mia'ied by the intermittent method 
Larson (7, 8) used an Erlanger sphygmomanometer with the culf pres¬ 
sure about constant at 90 m m Ilg Larson thought that, among other things, 
this use of EilangerN instrument gave him a measure of systolic blood- 
pressure, Both he and Landis, who subsettuentiy used the Erlanger instru¬ 
ment In a similar fashion, refer to this as ‘^thc Erlanger ’0+ methods" As I 
have pointed out elsewhere (2), it ts difficult to understand how these in¬ 
vestigators came by this erroneous conception, as Erlnngcr^s papers for that 
year are quite devoid of any such suggestion Erlanger, as every physio¬ 
logist knows, designed the instrument for intermittent use He was intcr- 
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Comparison ot CuRvrs 

-Intermittent method 

- Continuous method 
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ested in obtaining a measure of the maximum and minimuin pressures as 
near simultaneously as possible. Its use was not unlike that o£ the new 
Tycos Recording Instrument The cuff picssiire was made great enough to 
stop the arterial flow from which it was decreased in regular intervals to 
a point below the rnimmum arterial pressure The maximum pressure 
measured by the instrument Erlniiger found to be the lateral pressure of 
the aorta and the minimum, diastolic or resistance preasuic. Erlanger did 
not intend that his instrument should be used continuously, and physiolo' 
gists appear never to have so used it Psychologists, however, have been 
more optmistic, if less caiUious, in its use. Thus we find Landis maintain¬ 
ing that the method records ‘‘change of systolic pressure, diastolic pressure, 
pulse pressure and the like’* I see no good basis for this optimism To 
check the method against the intermittent method is the purpose of this 
investigation 

The technique and procedure used here weie about as explained in my 
previous (l) paper To obtain a continuous record I used, not the Eilanger, 
but a B-D manometei whose meiciiry column was connected to a tambour 
of the Lcjtz-McKeiisic polygraph by a rubber tube The polygraph has a 
chronograph attachment on one side and may be run at any desirable 
speed Tills appaiatiis and the Eilanger record similai changes when 
similarly used The cuff of the B-D manometer was attached to the left 
arm and the cuff pressure held constant at about 90 mmHg^ The Tycos 
Recording Sphygmomanomctei was attached to the right arm, All of the 
intermittent readings weie taken on one chait as m the pievious investiga¬ 
tion, Fiequently, it waa impossible to get five distinct leadings on the chait 
and in such cases only toiii readings were taken A fifth reading of the 
continuous record was made from near the end of the record in these cases, 
The situation used was that of deception as previously dcsciibed and, as 
before, the subjects were students of Seth Low Junior College, none of 
whom had had previous experience wMtIi the experiment The age lange 
was from 16 to 21 yeais All of the tests were made in a quiet room on 
the Columbia Campus 

It 18 readily apparent that the continuous method give^i not absolute, but 
only relative, changes. Any scale used to evaluate the record is purely 
arbitrary. In the present case, the change is recorded in inches, and the 
figures given represent the distance on the lecoid between the middle of the 
pulse wave and the time line The time line is chosen rathei than the 
edge of the paper because of the slight shifts to which the paper is liable 

The data taken are given in Table I Columns three to seven show the 
successive readings of lateral pressure and columns eight to twelve give the 
corresponding volume readings. In the hgiiie are given thiee pairs of 

^My own apparatus ns well as the Erlanger must be checked for air leaks 
very frequently The cuff bags are not designed to maintain constant pres¬ 
sures and may leak slightly even when new 
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TABLE 1 

Data Taken Simultaneously by the Intermittent and Continuous 

Mpthods 



Intermittent method 

Continuous method 


laterul pressure 

volume change 


in m m Hg 

in inches 

Subject 

12 3 4 5 

12 3 4 5 


h 

T L 

130 

132 

157 

159 


160 

1 60 

1 60 

1 55 

1,60 

2 

H S 

117 

127 

130 

131 

137 

165 

I.OO 

1 50 

1.65 

I 70 

3 

W K. 

120 

130 

137 

138 

154 

160 

1 60 

1 50 

1 40 

1 35 

4 

H.S 

140 

145 

147 

153 


170 

1 60 

1,55 

1 60 

1 60 

5. 

J H 

121 

141 

141 

139 

148 

170 

1 60 

1 60 

1 55 

1,55 

6 

P K. 

108 

10+ 

122 

123 

126 

160 

1 40 

140 

130 

145 

7 

I L 

112 

132 

142 

151 


150 

145 

1 30 

135 

HO 

8 

B M 

138 

147 

142 

148 


1 60 

1 55 

130 

125 

135 

9 

11 W 

111 

116 

131 

138 

127 

160 

1 45 

1 50 

1 55 

160 

10 

N P 

127 

131 

14<j 

153 


1.70 

1 65 

155 

1 60 

L60 

n 

G M 

109 

214 

124 

229 


205 

2 00 

20Q 

2 95 

1 90 

12 

E.B 

123 

124 

128 

132 


170 

L55 

135 

1 45 

L55 

13 

I.S 

115 

115 

130 

131 

132 

1 55 

1 S5 

1 50 

1 50 

1 80 

14 

E W, 

120 

132 

140 

148 


165 

1 $0 

ISO 

140 

145 

15 

G S 

127 

134 

144 

145 

152 

I 30 

1 75 

1 80 

175 

1 75 

16 

H L 

115 

123 

120 

123 


1 55 

1 55 

1 55 

1 50 

1.60 

17. 

T E 

136 

152 

148 

170 


1 65 

1 55 

140 

1 65 

1 80 

18, 

H J 

123 

128 

130 

137 


1,70 

1 70 

1 80 

1.85 

1 70 

19 

J ^ 

117 

no 

130 

151 


1,55 

1 55 

165 

155 

1 75 

20 

IR, 

122 

134 

145 

149 


1 60 

L55 

ISO 

1 50 

1 55 

21 

F F 

115 

122 

129 

133 

144 

175 

1 75 

1.75 

1.75 

1,70 

22 

B H 

119 

130 

142 

146 


US 

1.45 

145 

135 

1.35 

23 

M E 

115 

110 

122 

121 

127 

160 

1 60 

1 60 

165 

1.65 

21 

T K 

122 

124 

146 

140 


2 15 

2 05 

2 10 

2 10 

2 00 

25 

B S 

137 

135 

135 

128 

140 

1 85 

1 85 

185 

1 85 

1 85 

26 

B M. 

133 

132 

153 

149 


175 

L70 

1.70 

1 65 

1 60 

27 

F R 

110 

133 

143 

149 


L70 

1.65 

170 

1 65 

I 75 

28 

R C, 

113 

122 

122 

125 

ni 

1 70 

1.65 

1.55 

1 55 

1.55 



12L 

4127' 

9 136( 

5 140 3 

138 

1 68 

1.63 

1 59 

1 587 

1 625 


curveii The group curves aie plotted from the averages found at the 
foot of the table and those for Subjects 9 and 16 from the data given in the 
table The lateial pressure curves arc in broken fines and the continuous 
change in fuff fines It will be borne in mind that the curves given here 
for the continuous change are quite as intermittent as those for loteral 
pressure. 

The group curves are of no great significance except as they show the 
general coirespondence and lack of it between the data taken hy the two 
methods. In the case of the group continuous curve, it is apparent that the 
changes recorded by this method are quite haphazard and unpredictable 
This la shown in the general constancy In the case of Subject 9, it will be 
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Been that the continuous record rises steadily, while the lateral pressure is 
irregularly up and down In Subject 16, on the other hand, the lateral 
prcaaute uses steadily, while the continuous record remaina about constant 
In some cases, eg.. Subject 26, the two are seen to vary in close corres¬ 
pondence 

From these data it is quite apparent that there is no very great correla¬ 
tion between the records obtained from the two methods, and we feel 
justified in concluding that the continuous method does not measure lateral 
pressure (or systolic) as Larson and Landis have assumed that it did, Noi 
is It evident that the method records any other known vasculai pressure 
Without doubt, the record is subject to changes of ^‘systolic pressure, diast¬ 
olic pressure and pulse pressure,” as well as to Other factors, but it must 
be pointed out that in both my own records and those taken with the Er- 
langer instrument, it is utterly impossible to tell what factors are the cause 
of any given change m the record 

If we consider the bare facts of the continuous record, it is apparent that 
only two things are recorded; the change in volume of the part of the arm 
under the cuff, evidenced by a change in the level of the curve, and the 
movement of the arterial and venous walls, reflected m each separate wave, 
In my previous paper I pointed out that in the maintenance of blood pies- 
Biire both cardiac and vasomotor impulses must be taken into account To 
this it should be added that the skeletal musculature also plays an im¬ 
portant part The influence of this factor becomes readily apparent in some 
unusual experimental and pathological conditions Its influence is very 
difficult to determine and is usually neglected Care should, tlieiefore, be 
taken to avoid any skelet?il changes during a test In those pages I demon¬ 
strated that It was theoretically quite possible to have an increase in vol¬ 
ume attended by a decrease in lateral pressure In the present investiga¬ 
tion this Is demonstrated practically The so-called ^‘continuous method of 
recording blood pressuie^’ does not recoid pressure changes, When the 
Erlanger instrument is so used it becomes nothing more nor less than a 
high pressure plethysmograph and the record is that of volume change, 
As a plethysmograph, the instrument is undesirable because of the high 
pressure The pressure of 90 m m Hg is far above tlic pressure of venous 
collapse and well below the lateral pressure of the arteries Thus, with the 
veins closed by the band, they soon become engorged with blood and the 
lateral pressure of the veins is laised to just over 90 m m Hg , the pressure 
necessary for a venous flow past the cuff This piessurc on the veins is not 
safe, and rupture of the small veins is frequently observed 
It is true that a change in pressure must attend a change in the volume 
except in unusual conditions, but it is quite erroneous to assume that the 
attending pressure change is identical with or even piopoitlonal to either 
the true systolic pressure or to the lateral pressure of the aorta The factor 
of venous flow so complicates the picture that this assumption is obviously 
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faJacJDus In this cojinecHon it js welJ to bear in mind the factors entering 
into the maintenance of blood pressure. 

The present hndings may be summed up as folloAvs 

1. The continuous method developed by Larson and later used by Landis 
does not record or indicate any known blood pressure 

2. The apparatus is a high pressure plethyamograph and, as such, may 
cause venous rupture 

3 The volume and the pressure changes in the aim arc relatively in¬ 
dependent, and one may not be used as an index of the other 
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the effect of variation in length of a rilGH-RELIEF 
FINGER MAZE UPON RATE OF LEARNING 

L W, Allison 

Wainer and Hamilton (7) trained rats in ma/es of 2, 4, 6, 8, and 10 
culs-dc-aac, respectively, but preserving a uniformity of pattern in other 
respects From an analysis of the results, they conclude that the longer 
mazes are relatively easier to learn, i.e, that the difTicuIty of the leJriiing 
per maze unit vanes inversely as the number of ciils-de-aac included in the 
maze This relationship is, of course, quite the opposite of that obtained 
in the memorization of serial language material (4) 

They call attention to the fact that practicalJy nothing has yet been done 
along the line of determining the relative difficulty of serial patterns of 
various length m the field of animal or human motor learning The prin- 
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cipal reason which they give for Urn neglect U the dlfhcuky □£ varying the 
length in a purely quantitative manner without introducing other variable 
conditions such as pattern complexity in a qualitative sense. This difficulty 
they claim to have overcome by the use of the Warner-Warden linear- 
pattern maze The linear design ia bilaterally symmetrical with alternating 
right-left turns 

The present study consists essentially of a repetition, with human sub¬ 
jects, of the experiment by Warden and Hamilton, the purpose being to 
examine the poaaibiUtiea of the Warner-Warden linear-pattern maze for 
the investigation of human serial motor learning. This pattern was con- 
veited into a high-rcIief finger maze for use in the present experiment 
For a full description of the method of construction of the hlgh-rcIief finger 
maze the reader is referred to Miles (2) and also to an earlier article by 
the author (1). Lengths of 4, 6, 8, and 10 culs-de-sac were used Eighty 
students (in groups of 20 each) who had had general psychology and, at 
the time of the experiment, weie taking child psychology, served ns sub¬ 
jects, The method and technique commonly used m human maze learning, 
which has been fully described elsewhere (1) and (3), were carefully ob¬ 
served in this experiment 

In the light of recent experimental work on the reliability of the measur¬ 
ing instrument, in animal and human motor learning, it was thought wise 
to consider the reliability of the various length patterns used in this experi¬ 
ment The reliability coefficients for the four lengths used (4, 6, 8, and 10) 
are given in Table 1 These reliability coefficients were obtained by cor- 

TABLE I 

Rbliadiutv Coefficients* for the Various Lengths 
Ar=20 

Length 4 6 8 10 

Correlation 64± 06 .78^104 ,77± 04 71± 05 


relating the total number of eriora made on the odd trials with a like 
number made on the even trials An examination of this table will reveal 
the fact that the Wainer-Warden linear maze, when conveited into a high- 
relief finger maze of the same pattern, does not yield reliability coefficients 
as high as some of the better mazes in use today (6), This undoubtedly 
means that this pattern, when used as a finger maze, is too easy to yield a 


*The coefficients appealing in Table 1 have been collected by the 

i\r 

Spcaiman-Brown formula R = - Then FE^a were com- 

1 + (// —l)r 

puted from the formula deiived by Shen (5) 

2(l-r^) 

.6745- 


(I + r) 
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high degree of reliability. It lias been shown by the author (1), in an 
earlier article, that the dllRculty of the pattern is at least one of the factors 
determining the rehahiUty of a maze The i- and a-cul-de-aac lengths are 

the moat reliable, and an increase in length up to 10 culs-de-sac or a de¬ 
crease to 4 does not result in nn increase in the reliability cocfiicient. 

The results of the effect of increasing the length of the pattern upon the 

difficulty of learning arc shown in Tables 2, 3, and 4 These results are 
based on the total number of trials, errors, and amount of time (seconds) 
required to learn the various patterns to the point of four errorless trials 
in succession In addition to the nbsafutc score, the score per cul*tie-aat 
and the percentage score of all lengths, in terms of the 4-cubde-aac length 
taken as 100%, is given for each meastire obtained (Warden) 'Fable Z 

TABLE 2 

Comparison of tiil Totai Trials Rfquired to Learn Mazes of Uniforai 
PAT xrRN nuT Varying in LFNtyrn 


Length 

Mean 

M r 

r 

%4-culs-de-sac 

size 

Score per 
cul-dc-sac 

4 

98 

2.8 

29 

100 

2S 

6 

9 i 

26 

.29 

93 

L5 

8 

13 2 

2,8 

21 

135 

17 

10 

14 1 

65 

,46 

144 

1 4 


shows the results in terms of the total number of trials required to learn 
the various lengths In terms of the absolute score, le, the average num¬ 
ber of trials required for learning, there is practically no difference in 
difficulty between the 4- and 6-cul-dc-sac lengths and likewise between the 
8- nnd 10-, When the score per cul-de-sac, however, is considered, the 4- 
IS the most difficult and the 10- is the least difficult The order of decreas¬ 
ing difficulty, however, is not completely uniform The difference in diffi¬ 
culty for the range of lengths used in this experiment, ps indicated by the 
score per cul-de-sac for trials, is very slight especially for lengths of 6, S, 
and 10 culs-dc-sac. 

TABLE 3 

Comparison or the Totai Num&pr of Errors Madf in Lfarninc Mazes 
OF Uniform PmiRN but Varying Length 
V=20 


Length 

Mean 

Mr 

V 

% 4 culs-dc-sac 
si/e 

Score ptr 
cid dc-sac 

4 

10 7 

6 1 

57 

100 

27 

6 

15 9 

10 3 

74 

130 

23 

8 

35 9 

16 0 

45 

336 

4 5 

10 

37 7 

22 4 

59 

352 

38 
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Table 3 shows the results in terms of the total number of errors made in 
learning the various lengths Here, again, as in the case of trials, the two 
shorter and the two longer patterns arc of approximately equal difficulty. 
When the errois per cul-de-sac are considered, neither the 6-, 8-, nor 10- 
cul-de-sac lengths are as difficult proportionately as the 4-* 

Table 4 shows the results in terms of the amount of time (seconds) re¬ 
quired to learn the various length patterns When time is taken as an 
indication of the degree of difficulty of the various length patterns, the same 
general tendency as that for trials and errors is apparent, vi 2 ,, that an 
inciease in length of a uniform pattern (of the type used in this expcii- 
ment) does not mciease proportionately the difficulty of the maze These 
results agree in the main with those found by Warden and Hamilton, show¬ 
ing an inverse relationship between length of pattern and difficulty. 

TABLE 4 

Comparison of the Total Time Required to Learn Mazes or Uniform 
Pattern but Varvinc Lencih 


Length 

Mean 



% 4-culs-de-8ac 
size 

Score per 
cul-de-sac 

4 

2313 

95 2 

.41 

100 

57 8 

6 

254 7 


39 

no 

42 5 

8 


227.2 

38 

259 

75 0 


647 6 

244 6 

38 

280 

64 8 


Summary and Discussion 

The one fact which seems to be clearly revealed from the results of this 
experiment is that an increase in the length of a maze of iinifoim pattern 
does not result m a proportionate increase in difficulty A second point of 
interest is that the lO-ciil-de-sac length is less difficult than the 8- in terms 
of the score per cul-de-sac, for trials, errois, and time 
In the opinion of the author, the Warner-Warden linear pattein, as a 
high-relief finger maze, does not present a comparable situation to that of 
the memorization of serial language material. In the memoiizing of a list 
of words or nonsense syllables, each additional word or syllable to the list 
adds a compaiable but different unit, while an additional cul-de-sac to the 
length of the Warner-Warden linear-pattern maze, adds the same kind of 
a unit and not a comparable but different unit If this intcrpietation is 
valid, then the results obtained arc what one would expect, i e, an inverse 
relationship between length and difficulty. 
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AN EXPERIMENT IN TEACHING TACTUAL READING TO 
SEEING SUBJECTS 

Ralph V. Merry 
Introduction 

There is a widespread belief among seeing people that blindness auto¬ 
matically increases the acuity of the remaining senses The ability of most 
blind individuals to read embossed print tactually is frequently regarded as 
proof of this sensory superiority Experiments tend to show, however, that 
the physiological sensitivity of those without sight is in no way greater than 
that of the visually normal and, in sonic instances, it may he even less 
(2, 3). Notwithstanding these experimental data, tactual reading is com¬ 
monly regarded as an accomplishment peculiar to the blind, which a seeing 
individual would find very difficult, if not impossible, to achieve 
Although the writer has been informed of one or two cases of tactual 
reading by persons with normal vision, he has not been nblc* to check them 
objectively, Teachers of blind cliilclicn soinaimcs are advised to learn 
tactual reading in qrdcr that they may understand better the problems of 
their pupils and render more effective assistance Such advice assumes, of 
course, th«Tt the seeing teacher can master tactual reading and that her in¬ 
crease in efficiency will be commensurate with the time and energy expended 
in learning the system It assumes, furthermore, that the learning process 
involved and the problems encountered by a seeing adult in mastering tac¬ 
tual reading are sufficiently similar to those of young blind children to 
eJiable the former to gam real insight into tlie difficulties of the latter. 



408 


JOURNAL OF GFNEtlC PSYCHOLOGY 


The experiment herein described was undertaken by the writer in an 
attempt to answer the following qiiesciona 
1. Can seeing individuals leain tactual reading Bulficiently well to reach 
an elementary standard of proficiency, and how much time and energy are 
required to achieve this minimum standard? 

2 What appear to be the outstanding characteristics of the processes 
involved in the learning of tactual reading by seeing adults as compared 
With those of blind childien? 

The Experiment 

Subjects The subjects of this experiment (referred to hereafter as R 
and G, rcapectivcly) are two undeigraduate students in Harvard College 
R is 20 years of age and is in the Bophomorc year, while G is 19 and a 
junior While quantitative intelligence scores arc not obtainable for these 
two subjects, the fact that they are doing a very satisfactoiy grade of work 
in college seems a fan indication that their intellectual equipment is supers 
lor^ Both young men showed keen interest in the experiment, and its suc¬ 
cess is due in large measiiie to their whole-hearted cooperation. Neither of 
them had any previous knowledge of, nor experience with, tactual reading, 
and both were totally ignorant of the principle of the Braille system 
Proceditte* The investigation was begun on October 13, 1930, and con¬ 
tinued through December 19, 1930, During this time each subject received 
thirty-two 10-mInutc periods (or S hours and 20 minutes) instiuction and 
practice in tactual reading 

The aubjeefs eyes were blindfolded with a laige silk handkerchief Irr 
such a way ns to distract his attention as little as possible The blindfold 
always was put on before the reading material was presented so that the 
subjects never '‘saw’* the material which they were requixed to read tactu¬ 
ally 

They were allowed to use any finger or fingers for reading which they 
chose, the only restriction being that they adhere to a ceitam method once 
It was adopted Both subjects used the left forefinger alone for reading 
In the case of R this is not surprising since he is left-handed, but G, al¬ 
though right-handed, claimed that his left hand was "more sensitive" 
Occasionally, he would change to the right forefinger or middle finger, but 
usually reverted to the left forefinger before the examiner called his at¬ 
tention to the change Frequently he bent his foreaim and wrist m ^iich a 
way as to make the reading finger paiallel with, instead of at right angles 
to, the line This peculiarity gradually disappeared, however, as reading 
skill was acquired. 

Neither R nor G made any attempt to rend with both hands, although 
they were told that many blind persons read that way 

Careful records were Kept of the progicss of each subject These included 
the date of each reading lesson, the material given, the number of letters. 
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FIGURE 1 
The liRAiLLr S'vstfm 

words, or sentences read, and the particular difficulties encountered Any 
unusual reaction or remark, also, was noted 
Before presenting furtliei details of the experiment, it may be well to 
describe briefly the Braille system of tangible print which la in general use 
among the blind As refeiencc to Figure 1 will show, Braille characters 
arc not embossed alphabetical letters, but arc composed of various combina¬ 
tions of dots wjtliin a six-poiut field* This held is known as a ‘^cell” and is 
three dots high and two wide The dots arc numbered in pairs from left 
to right so that the odd numbers, 1, 3, and 5, appear on the left side, while 
dots 2, 4, and 6 aie on the right It will be noted that (he first ten letters 
(a to ;) occupy only the iippci half of the cell, that the next ten letters 
(/t to i] are formed by adding dot 5 to these fundamental forms, and that 
the remainder of the letters (« to k) arc obtained by adding dots 5 and 6 
Since Brnilie is of French origin, w was missing from the original alphabet 
and has, therefore, been added to meet the requirements of English usage 
Punctuation marks are obtained by wilting the first ten letters in the 
lower instead of in the upper half of the cell Thus a lo^ve^ed to the 
position of doc 3 is a comma, lower rf is a period and lower /f and lower / 
are open and closed quotation marks, respectively By prefixing the num- 
ernl sign (see Figure 1) to the fundamental letters they became Arabic 
numerals from 1 to 0 Thus a prefixed by the numeral sign is 1, d is 4, 
g is 7, etc 

No numerals, nor contractions (word signs) were introduced into the 
present experiment, the aim being to keep the situation as simple as pos¬ 
sible 
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At tlie first reading lesson, .each subject was given the first ten letters of 
the Braille alphabet embossed clearly on a strip o£ heavy paper. Each 
letter was named by the investigator as the subject felt it and its particular 
characteristics were pointed out For example, attention was called to the 
fact that d was like the upper right-hnnd corner of a square, h like the 
lower left-hand corner, h a vertical line, c a horizontal, and e and i 
diagonals in different directions The corner, line, and block characteristics 
(1, p ^7) of the other letters from a to ;, also, were pointed out but no 
attempt was made to have the subject recognize the letters solely by these 
peculiarities 

The Braille letters rt to ; were reviewed during the first five minutes of 
the second reading lesson, followed by a number of words containing these 
letters* From this point on each subj'ect was permitted to proceed at his 
own rate, hut the type of material and the order of presentation were iden¬ 
tical. 

The letters h to t were given after the first ten were known. Attention 
was called to the fact that these were formed from the fiist gioup by the 
addition of another dot The subject, however, was not urged to learn 
them according to this logical sequence, nor was particular attention laid 
upon their characteristic shapes Nevertheless, both R and G associated 
the second line of letters with certain familiar forms. For example, o was 
called an arrowhead, s a sort of crescent, i a pair of stairs, etc (see 
Figure 1). 

After the letters from n to t had been mastered, the final six letters of 
the alphabet were presented IF was inserted in Us logical place, its dif¬ 
ference from the other characters being unnoticed Here again, the shapes 
of the letteia seemed to be the most important factor in learning them, V 
was described as a hook or L-shape, y was a square bracket, etc (see 
Figure 1) 

After the Braille alphabet had been learned, the reading periods were 
devoted to sentences and short paragraphs Punctuation and capitalization 
were introduced incidentally as the need arose 
Practice sentences from a typewriting manual were found very useful, 
and shoit paragraphs culled from newspapers and magazines supplied read¬ 
ing matter of some intrinsic interest. At first, all reading material was 
embossed double-spaced so that no confusion in finding new hues might 
occur until the subjects were moic familiar with tactual reading Later, 
however, the usual line-spacing of ordinary Braille books was introduced 
and caused little difficulty 

^Results and Thpir Discussion 

An examination of the records shows that R was considerably ahead of 
G throughout the experimental period subsequent to the second lesson. The 
degree of this superiority is shown graphically in Figure 2. 
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FIGURE 2 

A Comparison of the Learning Curves of Two Seeing Subjects in 
Acquiring the Technique or Braille Reading 
Solid linc=Siil)ject U 
Broken htie—Subject G 

Key to lesson material a, letteis n to j presented, words, c, letters k to 
d, sentences; Cj letters n through z\ h letters known; g, cnpital and 
period introduced, //, comma, ij, single-spacing, jj quotation mtirks, A, 
practice reading 

At the close of the expenment both subjects were tested with tlie Braille 
adaptation of the Gray Oral Reading Check Teats, Set 1, Noa 1 and 2 
Test 1 was gircn ns an ordinary rending lesson, the subject's eyes being 
blindfolded. The time, errors, and outstanding characteristics of the read¬ 
ing were recorded The blindfold was then removed, and the subject was 
required to read an equivalent form visually This \Yas done to ascertain 
whether or not the tactual sensations produced by the Braille cliarnctcra 
had been translated into visual images during the process of reading 

The test results arc shown in Table I 

Despite the fact that R’s performance i^as distinctly superior to that of 
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TABLE 1 



R 

Time (sec) 

Eirora 

G 

Time (sec) 

Errors 

Test 1 

472 

2 

435 

2 

Test 2 

ISO 

3 

131 

2 

Noims for blind 





child] cn in Grade T 

135 

5 




G during tVic expenmemM penovl, t^c ItiUcx d\d mwcVi beUtr tm bol\i l\ie 
final tests The wiuer is iiiclmed to believe that il is a better tactual 
reader than Gj but that foi some \mkaown reason G excelled him in a test 
situation, Both subjects, ho^vcvei^ failed (in Test 1) to reach the average 
achievement of blind children m the first giade. 

The pronounced up-and-down finger movements cxlilbued by both sub¬ 
jects throughout the learning piocess and iti the final test probably may be 
partially accounted foi by the fact that neither of them advanced beyond 
the point where they read by the letter method R did comprehend a few 
short words like and, ihe^ etc, ns wholes, but G always spelled out even 
the simplest words Biirklen, in his discussion of synthetic and analytic 
touch, points out that touch Tiiovements appear to be most pronounced when 
the finger-reader cannot recognize a woiJ as a whoJe but is obliged to 
analyze it into its component letters (1, p $6) A skilled word and context 
reader c.in glide smoothly along the line making vciy few up-and-down oi 
regressive movements 

The fact that both R and G were able to rend Braille with their eyes 
even better than with then fingers seems to indicate definitely that all their 
tactual sensations of the Biaillc characters were translated into visual 
images This changing of tactual sensations into visual images obviously 
makes the learning of tactual leading by a seeing adult quite dilFcient from 
that of a congenitally blind child, oi one whose sight was lost at so early 
an age that his visual imagery has practically disappeared, In view of 
this fundamental diffeiencc, it seems lather doubtful if the seeing teacher 
of blind children can increase hci understanding of theii reading problems 
by learning tactual reading heiself, 

It seems highly probable, also, that most newly-blinded adults employ 
visual imagery in Icaining tactual reading and that they geneially adhere 
to the letter, rather than to the word, method This may, peihaps, account 
for the fact that such adults seldom become fluent Biaillc leaders, because 
the piocess of analysis and visualization mnlces lending much slower This 
is contiary to the popular belief that the sense of touch of adults is duller 
than that of children 

As out test icsuUs show, the subjects m this expenment failed to achieve 
first-grade reading ability after neatly five hours and a half of intensive 
individual instruction It is reasonable to suppose that a seeing adult 
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would take much longei if aelf-instiiiction was his only menns of learning 
iingei-reading It may be doubted, therefore, in consideiation of the differ¬ 
ences between the learning of Braille by seeing adults and blind children, 
alieady pointed out, whether a seeing teacher should be expected to raastei 
the mechanics of tactual reading 

Conclusions 

It 13 unfoitunate that the small number of subjects included in the in¬ 
vestigation preclude any weeping genei a lira dons It is believed, however, 
that enough data have been obtained to indicate what may reasonably be 
expected of seeing adults as to the mastering of finger-reading, using the 
method described, for 

1 After nearly five and a half hours of distributed, intensive, individual 
instruction, two superioi college students with normal vision failed to reach 
first-grade standards in tactual reading* 

2, The subjects of this experiment obviously interpreted t/ieir tactual 
sensations into visual images, making then reading processes ijiiite different 
from that of blind children* 
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Barbara S Burks, D W jFMbtN, & Lewis M Tcrman. Genetic studies of 
Genius Vol 3 The promise of yonih, foihw-up studies of a ihousaird 
gifted chtidfcn Stanford Univcisity, Cnlif Stanford Univ Press, 
1930 Pp. xiv+SOB, $6 00, 

It IS not often that an investigator steadily develops a weli-dermcd re^ 
search ovci a period of twenty-five yeais, Terman published, as a student, 
“A Preliminary Study in the Psychology and Pedagogy of Leaderslup,” in 
the Pedagogical Seminary, for 190+ In 1930, appealed the volume here to 
be considered Dumig the inteivenmg years, Tciman has constantly studied 
superior children, has lefined and devised methods of appioacli to their 
psychology, and has given to education a large aiim of established fact 
which before his day did not evist, and which will piobably be of iiicieaa- 
ing importance foi the social economy of the future, 

The third volume of '‘Genetic Studies of Genius" consists of four paits 
Part I IS a statistical study of the subsequent histoiy of gifted children, first 
studied SIX yeais earliei. Pait II contains case studies of individuals, 
following the clinical method, Pait III is a study of the literary produc¬ 
tions of gifted juvenile authors Pait IV embodies a summary of the total 
material presented, with tentative forecasts. An appendix presents copies 
of the blanks used for the follow-up, 

In Part I, the following aspects of subsequent development are studied: 
Status on intelligence tests, educational progiess, scholastic achievement, in¬ 
terests, vocational plans and achievement, social and personal tiaits, home 
conditions, familial statistics and special abilities 
Hue to limitation of funds, the follow-up of the children first repoited in 
1925 was chiefly through correspondence. This is, of couiae, regretted by 
all, especially by the investigator and hia co-workers The ideal of the 
investigator was to re-establish nt inteivals pcisonal contact with each 
child, and to secure for each sufficiently detailed informntioii for a case 
study, This ideal could be only approximated 

riie returns from the questionnaire sent by mail to the nearly 1500 sub¬ 
jects in the Stanford files yield a mass of important data The percentage 
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of returns from the 643 children in ihc main or ''regular” group was high 
enough (96 7%) to insure avoidance of the fallacies of selection 
P'rom these questionnaires the chief results were, hriefly, as follows In 
the present study, 74 per cent of the boys nnd 83 per cent of the girls are 
accelerated m age-grade status, as compared with 67 per cent of the total 
group SIX years previously. Age of graduation from the eighth grade was 
typically for boys about 13-1 and foi girls 12-10, from senior high school, 
for boys about 16-10, and for girls about 16-S. About 95 per cent of the 
gifted desire to go to college, but only about 80 per cent can plan to go. 

Parents’ latings of altitude toward school or college show some decrease 
in "desirable attitudes,’’ though a large majority of both sexes still show 
good attitudes Transcripts of a limited number of idgh-schoo'l records 
establish that the gifted receive “A” gindcs four to eight times ns often as 
do iinsfilccted pupils (who aic older) m the same studies Girls receive 
hlghei average marks than do boys in every high-achool course, including 
mathematics and science, where the boys do better on standardi.fed tests. 

From those whose college careers can now be studied, it is shown how 
highly selected for intelligence aic Stanford students, inasmuch as the gifted 
group has not much advantage m scholarship over the frcslimcn ns n body 
(though it must be borne in mind that the former aie younger). Among 
the gifted wlio have graduated fiom college, a much greater than chnuce 
proportion of Phi Beta Kappa elections was achieved 
As adolescents, the gifted take part in a wide variety of extra-curricular 
activities, and attain to a large nuniber of offices and honors This is jn 
accord with Lainson’s study of young gifted children in the senior high 
schools of New York 

Questionnaiie methods of exploring personality reveal that gifted boys 
are about as "masculine” as are the generality of boys, while gifted girls 
are reliably less "feminme” than girla in general ore The gifted show an 
increasingly great tendency to prefer companions older than themselves 
Those who test above 170 IQ have considerably more difhculty in social 
adjustment than do those neaier 140 IQ, The gicat majority of the gifted 
are leportccl as icsponding well to discipline, both at home nnd at school 
The great majority arc reported, also, ns having good health Of the 643 
original subjects, S died in the interval elapsed, one of these having com¬ 
mitted suicide 

During the six-year interval ihc occupational status of the fathers in¬ 
creased fioin 12 8 to 13.3 (Dair rating) Of mothers employed outside the 
home, 43 pei cent were in the professional category, nnd nearly all of the 
rest were In semi-professionnl work oi in business The mean IQ of 130 
siblings of the "regular” group is 123 
Data for tlie "special ability group” suggest that “without the support of 
high intelligence, special talent is not likely to mature into achievements of 
very unusual merit” A small number of ca-ies were visited personally, and 
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were retested by ficld-woikers with individual teats The limitation of ting 
work IS that there exists no standardi/ed teat, either of intelligence or of 
scholastic achievement, that will correctly distribute highly intelligent adol¬ 
escents in relation to the generality Stmiford-Binct breaks down at about 
11 years of age, for childicn m the highest ranges, and attempts at ^'cor- 
rection" are, to say the least, speculative. The same considerations hold 
for group testa We have no test at present available that will adequately 
distribute gifted persons who arc more than 12 years old, in terms of the 
generality The near eat approximation to such a teat is still the old Army 
Alpha, which was not used in the present investigation, 

Using Stanfoid-Binet, Hernng-Blnet, Terman Group Testa, and the 
Thorndike Test for College Entrants, the following results were obtained 
on samples of the original group The ^'coircctcd” IQ’s on Stanford-Bmet 
showed a drop of 3 points for boys, and of 13 points for girls, on the aver¬ 
age Gifted boys surpassed gifted girls on the Tciman Group Test at 
nearly every level Retests by means of Ilening-Binet showed marked 
decreases in IQ in both sexes, as would be expected from the fact that 
Hernng-Binet is invalid for young children, as well as foi older children, 
above 130 IQ Some subjects showed a drop of 15 points or more in IQ, but 
for the group as a whole, a high status is maintained On the Stanford 
Achievement Test, the EQ shows a drop, as would be expected, since the 
brightest ^*break^' this test at U years of age. 

The data contained in Part I must be considered very valuable, though 
falling short of Unahty for two leasons (1) the data derived were not 
gatheied also for the original controls, so that comparative statements are 
lacking where needed, (2) the mental tests used will not distiibute gifted 
adolescents in relation to the generality 
Port II IS full of interest for the study of individuality Case studies are 
here made, illustrative of various conditions under which the gifted child 
is found These thiow a light upon the subject which never comes from 
statistical study alone 

Part III shows that the literary productions of some of the gifted now 
among us are rated by competent critics as equal to the juvenile productions 
of persons who have achieved eminence in literature Girls fai outianked 
boys in the quality of these productions. An item of incidental interest to 
educators is publication of the IQ lange of the pupils who contributed to 
the work published in Mearns' Cfealwe Youth* These pupils were of very 
superior intelligence. 

Part IV is one of the most valuable portions of the book, containing 
Terman*s reflections on the total knowledge emeiging from a quartci of a 
century of research. In the piescnt renaissance of child-study, much re¬ 
sea ich IS being *'done^’ by persons who never themselves come into contact 
with children, who investigate and write largely or wholly thiough “ghosts,’^ 
and who would scarcely know how to go about the task of eliciting a fact 
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of child psychology if pcrsoJifllly confrojited with children, Terman's work 
haSp by contrast, the authentic quality of one who has had genuine expen^ 
ence with hundreds of children In recent years he, too, has worked largely 
through excellent assistants, but not until he had himself gained mastery 
Tlie result is a degree of insight and a wealth of suggestion, which can be 
appreciated only by first-hand study of the book itself The student who is 
interested in any work that deals with people will—one almost says must- 
read these reftections and forecasts for himself 
Probably no other equal sum of money, granted for psychological re¬ 
search, has bought more for education than has been bought by the $60,000 
which supported the three volumes of G£?iettc Studies oj Genius Tcrman 
says, “it would be ill grace to dwell upon the fact that more could have 
been accomplished if larger funds had been available," 

There i9, however, nothing to prevent the reviewer from looking the 
gift-horse in th« mouth, and fiom concluding that the millions of dollars 
given in recent years to study the stupid and vicious compare unfavorably 
for human welfare with this sum, given to study the gifted. 

It IS suggested repeatedly hy the facts emerging from this volume that 
one of the most promising and interesting of all social experiments would 
be the endowment foi life, of several young children identified, tested, and 
appraised according to modern methods. The endowment of gifted indi¬ 
viduals does not appeal to A men can philanthiopy. Giving is inclined 
toward the least improvable members of society, on the one hand, and to 
institutions and projects on the other, Theie is thus neither inclination nor 
patience to trouble with the experimental endowment of gifted individuals 
Nevertheless, this should be urged The outcome would, of course, be un¬ 
predictable since it would be something hew under the sun, but souieihififf 
of value for social science and education would surely come of it 

Let A S, Hollinoworth 

Teachers College 
Columbia Vnwcrsuy 
Yorh Ciiy 


Susan Isaacs Inielleclnal Growth in Yoiisig Children. New York liar- 

court, Brace, 1930 Pp xi+SyO $+00 

This 19 the first of a senes of three volumes called the Behavior of Young 
Children, which is evidently intended to be the definitive statement of the 
procedurca and findings of the Malting House School experiment of 1924- 
1927 The second volume will deal with social development m young 
children, find the thud with individual histones Mrs, Isaacs realizes, of 
course (her whole point of view would demand that she realize it), the 
essential impossibility of making any natural division between mlellectijal 
and social developments; nevertheless the material stressed in the volume 
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on the former is that ordinorily described as cognition or reasoning, while 
the second volume is to deal with matters of fantasy, motive, unconscious 
material, and the consequences ot these in intci individual relations 

It IS diffrcult to evaluate the significance of the Malting House School 
experiment in the social scene It appeals to have owed its Hiccption to a 
combination of a group of extraordinarily intelligent parents and a sym¬ 
pathetic philanthropist, to what it owed Its cessation wc arc not told Its 
advertisement of about 1927 soliciting the sei vices of an individual from 
anywhere in the world competent to inculcate the scientific spuit m young 
children was received with a curious combinfltJDn of apathy and cnthusiasni 
It Is this same combination of attitudes with leapect to the experiment as a 
whole which bafHcs confident evaluation Extending the universe of dis- 
couisc somewhat, it appears to be compar'ible to the attitude regaiding 
progressive education, and perhaps even of all education It would prob¬ 
ably be a sahitaiy and chastening exercise of the aocial-psychoanalytical 
type to attempt to comprehend fully the degree to which adults lacic any 
vital interest in the welfare of children; oi possibly the degiee to which all 
of us lack interest in the welfare of anyone othei than those to whom we 
hare an jmmediate and emotionalized personal attachment* 
lletiirning from the basic to the more visible motivations of the attitudes 
toward progressive education in general, and the Malting House School 
experiment in particular, two opposed possibilities present themselves* it 
may be that traditional attitudes regarding childien and the techniques of 
their culture arc so Jhrmly fixed by habit and early conditioning that only 
the exceptional individual, even in intelligent gioups, miakes any real mental 
contact with what the new education is all about On this supposition the 
apathy is that of a dog to a telephone—not enough of its significance pene¬ 
trates to awaken any reaction at all. The reverse and more optimistic 
hypothesis h that among intelligent groups theory and practice in child 
tiaining are in process of moving on past the pioneers—^a phenomenon 
similar to that by which Ibsen has become a little dull by reason of em¬ 
phasis on what we have now come to consulei inherently obvious 
The reviewer has no idea which of these hypotheses is to be pipferred 
It appears to him that the present is undoubtedly a quiet period m the 
development of progressive education, but the quietness may be due to the 
inevitable following of a phase of haid woik and consolidation of temtoiy 
upon the earliei pioneei phase of philosophies, principles, and propaganda 
The present book opens with a consideration of iccoida in the study of 
children’s behavior It is freely admitted that the recoids arc qualitative 
and uncontrolled, and that their collection was sccondaiy to the moic piesS' 
ing business of education However, it is maintained that they arc as fiep 
as possible from interpretation, i e,, the opinions and evaluations of Mis 
Isaacs, while present, arc kept so far as possible apait from the objective 
records The peculiar value of these materials as compaied with those 



BOOKS 


419 


usually taken under similar conditions is of course the ruling out of the 
ethical point of view, or at least its reduction to the lowest terms consistent 
with the contjnuatjon of the expcruncni. In this conreetJon contrasts are 
diawn with the work of Stern, and the author’s earlier statement on the 
function of the school for young children is re-presented and elaborated 
The second chapter gives the conditions of observations, including the 
set-up, the (imitg and negative conditions of activity (chiefly those imposed 
by the necessity for physical safety), and the positive stimuli to activity, 
consisting of the large nssoitmciu of materials and a sympathetic and cn- 
com aging attitude toward their use on the part of the adults present* 
Chapter 3 picsents the theoretical analysis of the material on discovery, 
reasoning, and thought This is organized into (1) applications of tfiowi- 
edge, (2) increase of knowledge, (3) interchange of knowledge, and (+) 
mnccllaneous Examples siifKucnt for illustration are given Ihe author 
takes the view that maturation should be looked upon as a limiting concept, 
and confined to the aspects of growth which can be shown to be a function 
of expefienccr On tJ»is point the author differs with Piager, who, however, 
she realizes has made one of the most important lecent contributions to 
child psychology. She holds that his use of the maturation concept, result¬ 
ing in a structurnl interpretation of the developing mind, is not critically 
enough used Mrs, Isaacs would seem to have the better of the argument, 
Piaget’s researches appear to have been earned on under the preconception 
that a structure would be found, and largely to have ruled out conditions 
necessary to demonstiatc the influence of cxpeiience Our author’s positive 
findings indicate that true reasoning is present very early, and that the 
incapacities noted by Piaget laigcly disappear when adequate experience 
for the formation of infeicnees has been obtained, This cJinptcr also ex¬ 
amines in detail the ielation between thought and fantasy with the conclu¬ 
sion that, although faiily well distinguished by the child himself, they have 
impoitant and continuous effects on each other A concluding note to the 
chapter mentions that all the childicn (with the exception of one neurotic 
child) were commented upon by the schools to which they went after the 
closing down of the Malting House School as rcinarkabie for intelligence 
and adaptability. Chapter 4 contains a large number of illustrations from 
the records, fully dpeumented as to date, age, and situation, illustrating 
fully the analysis of the preceding chapter Chapter 5, on biological inter¬ 
ests, and Chapter 6, records illustiating biological interests, arc an elabora¬ 
tion of an article published last ycai in the Varum af Eduiation Particular 
attention is given to the analysis of instances of cruelty and teiidcriicsg in 
the same children, in which gicat individual differences are shown in spite 
of a relatively constant attitude of scientific curiosity toward animals on the 
part of the adult environment Chapter 7 is a group record of four sample 
weeks at diffeiem penods during the history of the school, ages and dates 
are given in full Chapter 8 is a siimmaiy of the different classes of ac¬ 
tivities, with examples, observed dining the thicc years under consideration 
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Nathan Isaacs contributes a long analysis of the functions of children's 
‘'why’' questions, which is repioduccd as Appendix A; and a short state¬ 
ment (Appendix B) on the jeJations of education and science Appendix C 
is a series of further observations on the same children reported by parti¬ 
cularly coopeiative parents. All told, the volume stands ns one of the first 
collections of careful observational evidence tending to show the desirable 
effect in practice of the "child centeretr theory m education; and vve await 
the appearance of Volumes 2 and 3 of the trilogy with keen interest. 

Raymond R Willoughby 

Clarii University 

IV ore esterj Massachusetts 
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CHARACTERISTICS AND RELATIONS OF MOTOR 
SPEED ANb DEXTERITY AMONG YOUNG 
CHILDREN* 

Ftom Teachers College, Columbia Vmversiiy 


Arthur I Gatls and Adflin White Scott 


Tlie presGJit study, the data for which weie secured in 1926, was 
oiigiiially planned as a companion to «x similar experiment pcrfolined 
with older subjects by Uhibrock (13, esp pp. 34^38, 45-54) and 
published in 1928 The ouginal purpose was to ascertain the de¬ 
gree to which speed of response in one task correlates witli the rate 
of reaction in other peiformanccs, with the avciagc speed in seveial 
tasks, with intelligence, and other factors, among young adults, in 
one case, and among young children, fiom foui to six years old, in 
the otlici By using similar tests and procedures m both studiCh, it 
was hoped that the results would shed some light on the general 
problem of whether, as some have assumed, speed of reaction is much 
less specialized in childhood and more closely associated with intelli¬ 
gence than in later years. The present study was arranged, fuither- 
moie, to provide data toi an analysis of the factors which tend to 
produce correlations among diffeient tests of motor speed and dex¬ 
terity. 

The Tests of Speed of Reaction^ 

In the present study, the field of inquiiy has been limited to a 
number of motor functions winch were selected and tested in such a 
way as to reveal some of the characieiistics of speed in icsponse 
As subjects for the study weie taken 50 young children, mainlv fiom 
4,5 to 6 ycais of age, fiom the kindergarten class of the Hoiacc 
bdann School In addition to the chronological age and Stanford- 
Binet mental age, the ratings of four teachers on the general motor 
speed and skill of each pupil were secured To each of these pupils 

♦Accepted for publication by Carl Murchiaoti of the Editorial Board, and 
received m the Editorial Office, November 14, 1930, 

^More complete descriptions of the testa, average scores, and average 
deviations of the scores from the average are given m the section on 
'^Methods of Giving and Scoring Tests of Motor Speed and Dexterity” 
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were given twice^ once on cacli of two successive school days, the 
following 17 individual tests. 

L Putting Marbles in a Slot* Right Hand Foi this test was 
airanged a box with an open compartment for maibles behind whicli 
was a closed compartment with a loinid slot at the center. The 
children were instuicted carcfiillv to put tlic maibles, one at a tune, 
into the hole with the light hand. The score is the number of 
marbfes piaced in the box in JO second?, 

2. PuWug Marbles m a Shi Left Hand, This test was 
identical with Test I, except that the left hand was used 

3. Putting Marbles m a Slot: Both Hands Same as Test 1, 
except that child could use both hands but could not take more than 
one marble in a hand at a time. 

4. Tapping Bell* Right Hand Foi this test a strong class¬ 
room tap bell was fixed neai the centei of a board, 24 by 30 inches 
About 6 inches to the right of the bell was painted a cross. The 
task was to hit altcjnatively the cjoss and the bell as rapidly as pos¬ 
sible, Scote was the number of bell taps In 10 seconds, 

5 Tapping Bell, Left Bland, Same as Test 4, except the cross 
IS placed on the left of the bell and the tapping was done with the 
left hand. 

6 Tapping Bell Hands AUeinattng Same apparatus as in 
Test 4, with a cross on both sides of the bell, The child struck the 
bell with one hand aftei the othei. 

7. Tapping Belh Right Index Ftngei Qnl^, 

8. Tapping Bell* Left Index Finger Only* 

9 Tapping Bell* Fuigeis AUeinaiing 

10, Tapping Bell: Right Fool In this test the subject stood on 
the board on one foot while tapping the bell with the other 

11. Tapping Bell* Left Foot 

12 Tapping Bell* Feet Alternating 

13. Sorimg Cards* Right ILand A long shallow box divided 
into five compaitments is placed in fiont of the subject. From a pile 
of cards of five different colors, which the subject holds on the table 
directly before him with the left hand, the cards aie placed, one at 
a time, in the proper box The score is the numbei of caids cor¬ 
rectly placed in 30 seconds. 

14. Sorting Cards* Left Hand* The pack of caids is held with 
the right hand and placed with the left. 
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15. Repetition of Syllables. The subject is instructed and given 
some pieliminary practice in saying “Baa, baa, Black Sheep'* as fast 
as he can. The scoie is number of syllables spoken correctly In 10 
seconds 

16 Rmichiug Holes Right Hand Between two thin, perfor¬ 
ated boards, 10j4 x 13 inches, a piece of papei is placed. The pupil 
is instructed to push a pencil into the holes, following the rows fiom 
left to right, as rapidly as possible The board coiuaiiis 11 rows of 
8 holes each. The time n 30 seconds; the score is determined by 
counting the holes punched In the paper. 

17 Punching Plolei^ Left Hand 

The tests described above, which wcic selected from a much Inigcr 
number tJiat weje tiicd out, piovcd to be satisfactory in most ic- 
spects Tlicy wcie readily imdcistood and enjoyed by the pupils; 
they wcic neithei too hard nor easy, and thcrefoic gave a satisfactory 
distribution of scores, they could be scored with ease and witli slight 
chance for error; they demanded performances at a constant, or 
nearly constant, level of quality or accuracy 

Since each pupil took each test on two successive school days, the 
reliability coefficients could be secuicd by correlating the first and 
second scoies for the group of 50 These self-correlations are given 
in Table 1. For computing the coirelations of the tests with each 
other and with other vaiiablcs, the records for the two trials of each 
test were combined in older to provide a more reliable measure of 
each skill, The reliabilities of these combined measurements, or tlie 
coirelations of the combination of two tests with two similar tests 
of the same functions, mav be predicted approximately by the 
Spearman-Brown formula 

Nr 

The sclf-coirelations obtained by this method, wliich will be latci 
compared with the intei correlations, arc also given in Table 1. 

Gonelathns of the Aiotoi-Speed Tests with Intelligence Tests 

The combined scores of the two tests of each type of motor-speed, 
the Stanfoi d-Binet mental age and chionological age ere correlated 
with each other in order to make it possible to eliminate the influence 
of age upon the association of various types of speed with intelligence 
Table 2 gives the resulting partial correlations 
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TABLE 1 

Correlations or tne First with the Second Trial in Each of 17 Tests of 
Speed of Reaction (Coiumn 1) and Corrfi atiqns detween Two Such 
Triais and Two Oiiiers, Accokdino ro the Spcarman-Brown 
Formula (Coiumn 2) 




1 

2 

1 

PuUiiig inaibles in box, right hand 

654 

.80 

2. 

Putting marbles in box, left hand 

640 

.78 

3 

Putting marbles in box, both hands 

612 

76 

+ 

Clapping bell, right hand 

745 

85 

5 

Clapping bell, left hand 

826 

91 

6 

Clapping bell, alternate hand 

.513 

68 

7. 

Tapping bell, right finger 

.731 

83 

8 

Tapping bell, left finger 

672 

80 

9 

Tapping bell, alternate finger 

46S 

.66 

10, 

Tapping bell, right foot 

741 

.84 

11 

Tapping bell, left foot 

556 

,71 

12, 

Tapping bell, alternate foot 

585 

.74 

13 

Soiling cards, right hand 

627 

.77 

14 

Sorting cards, left hand 

613 

76 

15 

Repetition of syllables 

.516 

68 

16. 

Punching holes, right hand 

.391 

56 

17. 

Punching holes, left hand 

651 

.80 


The coefficients of motor-speed and intelligence, Y^ith age elim¬ 
inated by partial coirclations, range from .10 to ,36; the average is 
*24. The “composite score,'’ made by summing the scoies of all 17 
tests, gives a coefficient of ,29 with intelligence, when age is rendered 
constant, The averages of the lafcings of four teachcis on the motoi- 
speed of each child con elates .26, a figure midway between the aver¬ 
age of the individual coefficients and the couelation of the composite 
motor-speed score with intelligence 

These figures agree, in a general way, with most of those obtained 

TABLE 2 

Partial Correlations of Motor-Speed Tests 1 to 17, Inclusive, and Stan- 
ford-Binet Mental Age, with Chronological Age Eliminated 
(The numbers 1 to 17 correspond to the descriptions of the teat given above ) 


Test 

Partial r ' 

Test 

Partial t 

Test 

Partial r 

1 

24 

7 

32 

13 

34 

2 

20 

8 

,20 

14 

36 

3 

,29 

9 

16 

15 

.31 

4 

16 

10 

.18 

16 

31 

5 

.22 

11 

25 

17 

34 

6 

,10 

13 

25 

Aver, 

.24 
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in studies of the association of similar motor-speed tests and intelli¬ 
gence in the case of older children and adults in showing the corre¬ 
lation to be ‘‘positive but low.” Among the conelations of these 
variables in the case of adults, however, are found a number of fig- 
uies which arc appicciably lower and a few that aie zero or negative ^ 
According to estimates roughly made by tlie writer, the average of 
the coefficients obtained fiom studies of adults with similar tests and 
corrected for difterences m range of abilities among the subjects 
would be +0.18 or less Thus it appears that, wliile motor-speed is 
associated with intelligence in b<arely pciccptiblc degree among adults, 
it IS positively coi related m greater, but by no means a laige, clcgice 
in the case of young children. 

The fact that the conelations of motor-speed and intelligence 
among 4j4- to 6‘ycai-old childien is higher than the estimates for 
adults raises certain questions concerning the piactice of including 
tests of motor ability and dexterity among the items in the Kuhlmann, 
the Mei nil-Palmer, and othei intelligence tests foi young childicn. 
Although tlie data indicate that the simple motor-speed tests are not 
very piomismg intelligence test items in the case of adults, or even 
in the case of the five- or six-ycar-old children, the suggestion that 
the correlations become higher the youngei the subjects that arc 
tested may afford a promise, if not satisfactory evidence, that motor 
functions are fair indications of intellect in infancy Indeed, GeselPs 
series of tests, designed to appraise the ‘^developmental status" of 
infants, includes a substantial number of examinations based upon 
motor perfoimanccs. While Gesell recognizes specialization and 
does not call his scale an intelligence test, casual readers may get the 
impiession that the "developmental quotients" based upon his battery 
arc similar in significance to intelligence quotients,^ But, before the 
present data are taken as evidence in support of this assumption, 
several consideiations should be viewed. 

It sJjould be repeated that the correlation of .18 oi lower, given 
as the estimated average of icsults from various studies of adult 
subjects, is cxticmcly unreliable It is leally well-nigh impossible to 
summarize these miscellaneous studies, accumulated ovei a quarter- 
century, in a coefficient comparable with those obtained in the present 
study. 


®See, for example, McCafI (6) and Sisk (10), and other studies summarized 
in the latter report 

’’See, for example, Gesell (4, pp 142-163, 187-189, etc) 
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It has been suggested, moicovci, that the coirelations of motor- 
speed performruiccs and intelligence mcicase as the motoi-speed tasks 
vary fiom very simple to moie complex.^ Thus the correlation of 
intelligence and speed of operating a complex machine or implement 
IS higher than the correlation of intelligence and simple tapping with 
the finger. It is possible, furthciinorc, that a given task which js 
very simple to the adult is quite complex foi a young cliild. It is 
possible, in other words, that the tests used in the picscnt study with 
cliildicn under six represent a gioup of moic complex activities than 
those used with adults—hence the higher conclations in the foimci 
case 

To secure some indication of the validity of this view, six judges 
weie asked to rate the 17 pcrfoimances, in order, from the most to 
the least simple for the childicn. These latings gave a rank coriela- 
tion of approximately .80 with the magnitudes of the coefficients of 
the tests and intelligence Among these children, in othci words, 
the more complex the act, the higher the correlation with intelligence 
The same six judges weic also asked to arrange the tests in order 
from the ones requiring the most ^‘intelligence, understanding, or 
mental alertness" to affect "adjustment to the task" or "undeistand¬ 
ing of the test situation and procedure” to those requiring the least 
degree of such intellectual insight. For these judgments, tire 17 
tests were grouped under seven types of tasks, They aie given in 
Table 3 in the order, as judged, from the one lequiring most to the 
one requiring the least mental adjustment^ accompanied by the aver¬ 
age correlation of the tests of each type and intelligence. 

It IS apparent that the rankings of the tasks on the basis of in¬ 
tellectual adaptation to the peifoimancc conditions and the correla¬ 
tions of the tasks with mental age aic substantially identical The 
implication, therefore, is that a motor-speed test which is a simple 
motor task for adults may require of a young cliild tlie exercise of 
some degree of intelligence to achieve effective adjustment to the 
task. To that degree, the motor task becomes an intellectual prob¬ 
lem and consequently shows a positive correlation with intelligence 
The more complex tasks used in the present study weic, in other 
words, in some measure intelligence tests of tlic type usually termed 
"performance tests" and not merely tests of motor-speed puie and 
simple 


^See, for example, Sisk (10) 
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TABLE 3 

Ranking of Seven Types or MoroR Tests According to Estimated Degree 

OF iNfLLLECTUAL ADAPTATION TO THE liXPERlMENTAL CONDITIONS AND 

tuf Correlations of the Tests with Mcntai, Age 


Raak 

T ask 

r with intelligence 

1 

Sorting cards 

.35 

2 

Punching holes 

33 

3 

Putting marbles in box 

2+ 

+ 

Tapping with hot 

227 

5 

Tapping with hand 

227 

6 

Repeating syllables 

.21 

7 

Clapping bell 

.19 


A glance at Tabic 3 reveals the fact that, as the task makes a 
smallei demand upon the child’s intelligence to understand and ad¬ 
just himself eftectively to the performance situation, the coi relations 
of the scores with mental age become smaller Indeed, the task 
judged to make the least demand upon intelligence shows a coefifi- 
cient with mental age of ,19. If this task is taken as the ncaiest 
approach to a test of motor-speed, pure and simple, it may be said 
that motor speed and intelligence aic nearly, if not quite, ns unrelated 
among young children as among older children and adults, Tins 
implies, but of course it does not piove, that intelligence and motor 
dexteiity are as neaily specific and unrelated duiing earliest infancy 
as later It implies that, from birth onward, motor dexterity vi and 
of Itself indicates intelligence in scarcely appieciablc degree The 
correlation found between these variables is meiely that inexplicable 
and nearly tiifling tendency of “desirable” traits to go togethci, 
Motoi dexterity, in and of itself, seems to be correlated vntl\ intelli¬ 
gence little or no moic than height or physical beauty. Tlicse aic, 
to lepeat, merely suggestions implied in the data and not facts proved 
to demonstiation The facts remain to be discovered by more ex¬ 
tensive and ciiicial investigations especially with infants and young 
childien, as well as adults, as subjects It seems important that the 
facts be known before scales based upon a wide variety of motoi and 
mental functions as arc found in the Gcsell, Kiililmann, Merrill- 
Palmer, Buhler, and other senes of tests for infants become widely 
interpreted as intelligence tests 

Conclations of Various Measines of Motor Speed with 
Each Othei and a Composite Store 

The next pioblcm is that of dctcimining the dcgicc to which one 
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measure of motor speed indicates a child’s status in olhei types of 
motor speed and in the best available composite scoic of avciage or 
gciicial motor speed or dexterity, Considci first the mtcicoiielations 
of the scoies of the 17 tests. As stated above, the scoie foi each test 
IS the sum ot the scoies foi two tiials at an mteival of 24 houis, 
These inteiconehitions aic given in Table 4 

In Table 4 naay be found a considci able range in the size of the 
intercoirelations of the 17 speed tei,ts, Various factois, whicli we 
shall presently attempt to identify and gauge, deteimine the magni¬ 
tude of these coefficients, A gcncial indication of how well a poison's 
relative position shown m one test is likely to be similar to his posi¬ 
tion in other tests is given by the avoiage of the 136 intcicoirelations 
found between teats 1 to 17 in Table 4, Tins aveiage coefficient is 
,418. The figure is significant when compaicd to the aveiage of the 
17 seH-coirelations, which is .76 (see Table 1), The typical or 
average test, then, pi edicts a second measurement of speed in the 
same activity to the extent of t — 0.76, whcieas it predicts speed in 
anothei activity only to the extent of ; = 0,418 The difference 
between these coefficients is really very great The implication is 
that, among such activities as wcie here tested (and most of them 
appear to be rather similar), a person's speed is not cveivwbeic about 
equally high, aveiage, oi low in comparison with others On the 
contrary, theie is much specialization. 

Many of the inteicouelations in this table aie very low If allow¬ 
ances are made foi the fact that vaiiations in chronological and 
mental ages tend to make the coefficients spuiioiisly high, it wdl be 
apparent that motor dexterity, in itself, is decidedly specialized. 
This Will be notably tiuc if only the intercmielations of the seven 
i^pes of activities, and not the intcrcorrelations of tests of one tvpe, 
e.g., tapping with right liand, left hand, or with right liand and left 
hand alternately, are considered This fact will be made cleai in a 
later section, in wliich these intcrcorrelations will be more thoioughly 
analyzed. 

The practical problem of deteimining to what extent aveiage or 
general speed of motor leactjon i*^ revealed by one oi mojc individual 
tests may be appioachcd by computing the coirelation of individual 
tests with a composite score made by combining all of the 17 tests, 
or all of them except the test being con elated with the composite 
Since in this case the absolute magnitude of the coefficient should be 



Intercorrei aticks of T 



Test 

1 

2 

3 

4 

1 

Marbles in bo3L, R.H 


83 

49 

SO 

2 

Marbles in box^ LH- 

83 


41 

37 

5 

Marbles in box, both 

A9 

,41 


46 

4 

Clap bell, RH 

50 

37 

46 


5 

Clap bell, LH- 

47 

35 

45 

7S 

6 

Clap bell^ ah 

23 

03 

27 

42 

7 

Tap bdl, R. fin 

61 

,46 

40 

7^^ 

S 

Tap bell, L fin 

52 

36 

32 

61 

9 

Tap bell, aJt 

49 

.43 

,35 

.53 

10, 

Tap bell, R foot 

-56 

44 

25 

70 

11 

Tap bdJ, L foot 

44 

32 

15 

5S 

12 

Tap bell, alt 

+7 

39 

37 

56 

13 

Sort cards, R.H 

58 

54 

SO 

35 

14 

Sort cards, LH 

54 

.5S 

23 

30 

15 

Rep s>]]ables 

19 

10 

.10 

,17 

16 

Punch holes, R H. 

67 

62 

27 

38 

17 

Punch holes, L H 

65 

M 

32 

4S 




HE 17 Tests or Motor SpeeI) 


5 

6 

7 

8 

9 

10 

11 

12 

15 

14 

15 

36 

17 

5- 

47 

23 

61 

.52 

49 

56 

.44 

,47 

58 

54 

19 

IT 

65 

0 

35 

03 

.46 

36 

43 

.4i 

32 

39 

54 

58 

10 

62 

66 

H 

O 

43 

27 

40 

32 

35 

25 

15 

37 

50 

23 

10 

27 

32 


7^ 

42 

70 

61 

53 

,70 

,58 

56 

35 

30 

17 

38 

48 



SO 

71 

68 

64 

69 


58 

3S 

,33 

25 

32 

60 

c 

IS3 

.50 


39 

35 

45 

,39 

41 

39 

15 

09 

16 

-C9 

.12 

PJ 

D 

71 

39 


76 

56 

61 

58 

58 

4S 

43 

04 

36 

,49 


68 

J5 

76 


67 

6S 

JO 

45 

2S 

2S 

01 

30 

46 

z 

6+ 

45 

56 

,67 


57 

54 

55 

2S 

29 

09 

24 

41 


69 

S9 

61 

6S 

57 


79 

63 

20 

21 

0+ 

SI 

$8 

o 

71 

41 

5S 

70 

54 

79 


56 

2+ 

34 

,02 

36 

55 

s 

5S 

39 

58 

45 

55 

.63 

56 


23 

25 

09 

44 

57 

3S 

15 

43 

28 

2S 

20 

.24 

,23 


64 

12 

43 


t?- 

33 

09 

43 

2S 

29 

21 

34 

25 

64 


22 

38 

37 

i-i, 

< 

.25 

16 

04 

,01 

09 

04 

02 

09 

12 

22 


17 

32 

.32 

09 

36 

30 

2+ 

51 

36 

.44 

,43 

3S 

17 


74 


60 

.12 

,49 

46 

■11 

58 

55 

57 

,41 

37 

32 

74 
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TABLP. 5 

Partial Corrh ations or tub n'csrs wnii (A) a CoMposirti of Aii 17 Tbsts 
AND (B) A CoMPOSlTC 01 Ahh TES'ra liVCEPT IIIF ONE CORRELAttO WlTH It, 
WITH Age El lAif mated im Born Cases 


Test 

Comp A 

Comp, B 

'Best 

Comp A 

Comp. B 

1 

63 

53 

10 

55 

44 

2 

6+ 

5+ 

11 

.56 

47 

3 

.66 

56 

12 

63 

53 

4 

66 

55 

13 

63 

52 

5 

65 

.55 

14 

64 

55 

6 

61 

52 

15 

50 

41 

7 

65 

55 

16 

54 

.44 

8 

63 

.53 

17 

53 

42 

9 

65 

54 

Aver 

61 

51 


considereJj Jt is Advisable to eliminate the influence of chronological 
age which tends to increase tlic con elation. The coi relations of tlic 
individual tests and the composite scoies witli age eliminated are 
given in Table 5. 

The inoic significant figiue is the coefficient of a test with Coni' 
posite B, since the presence of the scoie of the test itself in Composite 
A increjises the coefficient spuiiously. The average coi relation of a 
single test with a composite ot the othei 16 tests is .51 Since many 
of these tests are dependent m some degree upon intelligence, as we 
observed above, this factoi may also be eliminated. The rcbiiltmg 
partial correlation is approximately .475. An average single test of 
speed, then, yields a modejatc, positive con elation with a batteiy of 
16 other tests 

A few multiple correlations may be given to indicate appioxi- 
mately the rate at which the correlation with a composite of the 
remaining tests is incieased by teaming together moic than one test 

R\ (composite) = 50 
R\ + 14 (composite) .67 
i?l + 14+ 11 (composite) = 73 
+ 14+ 11 + 4 (composite) = 76 

Tliese figures arc sufficient to indicate the nature of tlic increase 
of the correlations with the composite or gcncial measure of speed 
of icsponse biought about hy lengthening tlie seiic'^ of tests. Tlio 
fact that motot'speed in each of the functions used m the sciics 
possesses a consideiable degree of independence from othcis means 
that one test can be only a fair indication of average motoi dexteiity, 
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two arc bettci than one; thiec arc bettci than two; and so on l^ut 
a perfect naeasuie of the average speed of performance can be ob¬ 
tained only by measuring and combining every performance entering 
into the aveiagc While it is conceivable that sue!) a composite nieas- 
uie of *'aveiage” oi “general** speed of reaction may have practical 
value, \t is more piobable that, for practical purposes, the most useful 
thing to do is to determine a personas pioficiency in the particulai task 
in which his service is contemplated. If one is interested in selecting 
persons to sort cards and put pegs in a board, it is better to test them 
for these two operations separately than to rate them for both per¬ 
formances on a scale of motor speed in general If a picture of 
“geneiar' or average speed is desired, the correlations indicate the 
simple fact tliat the larger number of tests of different typejy one 
applies, the more reliable the resulting average will be* The only 
answer to give to the question, “How many tests should I give?’* is 
“The more the better,** 

Con elation of the Tests and Teachers' Judgments 

Four teachers independently rated each of the children for general, 
all -1 ound motoi speed and dexterity* These ratings were correlated 
with each of the tests The coefficients arc given in Table 6 
The teachers* ratings of “general motor dexterity** yield rather 
low conelations -with speed in particular tasks* The correlation of 
the teachers* ratings and the composite score fjom the 16 tests is, of 
course, appieciably higher, namely, 52, oi a trifle better than the 
correlation of a single test with 16 other tests, but not as high as 
the correlation of 2 tests with the remaining 15 

TABLE 6 

CORREIATIONS OI TEACIERRS’ JUDGMENTS 01 MoTOr DEXfFRirY AND Till 

17 Tests 

Inducncc of *iKc cliininnted 


Test 

r 

Test 

r 


1 

48 

10 

28 


2 

.32 

11 

29 



24 

12 

26 


4 

30 

13 

39 


5 

27 

14 

23 


6 

08 

IS 

18 


7 

30 

16 

.35 


8 

20 

17 

27 


9 

16 

Aver 

,27 
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TABLE 7 

Correlations or Tpaciii'Rs' JuDCMFNrs with Speed 


Teat 

Right 

nu'mhei 

Left 

mcnibcr 

Both 

mcmbcis 

Miirbles 

.+8 

32 

2+ 

Caicls 

.39 

,23 


Holes 

35 

.27 


Bell—hand 

.30 

27 

08 

Bell—finger 

SO 

.20 

16 

Bell—foot 

.28 

29 

.26 

Average 

.35 

26 

185 

It may be of 

some incidental 

intcicst to determine the types of 


motor leaction to which the teachers' estimates most closely corre- 
spondj and upon wl)ich, probably, tlicir estimates are eJuefly based. 
The coefficients in Table 6 are so scatteied that no type of activity 
seems to have been u^ed predominantly as a basis of judgment. When 
figures are assembled under and left hands, or other oigans, or 
bolh^ a marked difference appeals, as shown in Table 7. The teach¬ 
ers’ ratings correspond most closely to the pupils’ abilities demon¬ 
strated with the light hand, finger, oi foot, next with left-side 
performances, and least with tasks m which both members aie used 
either together or alternately. Speed of handling marbles, sorting 
cards, and punching holes with the riffhi hand are most closely cone- 
lated with the teachers’ ratings. This result may be explained, pei- 
haps, by assuming that these aic functions of the type that arc most 
interesting and important In kindergarten affairs and hence aie moie 
closely and frequently observed. 

An Analysis of the Factors Gontribuiing to the Correlations 
Among Different Tests of Motor Speed 

Now that some of the general relations of motor speed and intelli¬ 
gence and of single tests to composites of a niimbei of tests have been 
viewed, we may attempt a more detailed analysis of the correlations 
of different tests of motoi responses in an effoit to ascertain the fac¬ 
tors which result in low couelations among some, and Jiighcr ones 
among others. Some light is thrown upon the nature of the sources 
of correlation by grouping the tests which are alike m one or more 
of three respects 
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1. In the t^pe of activity or pei foimance. For ex^ 
ample, Tests 1, 2, and 3 are alike in that the activity is 
the sDiting of the same deck of cards into the same recep¬ 
tor. They diffei fiom other activities, such as clapping 
a bell or punching holes. 

2 In the bodily organs, o; viembeis, oi mechanisms 
engaged. Foi example, Tests 1, 2, and 3 are like 13 and 
14 m that all of them aie activities executed with tlie 
hand, whereas they are unlike Tests 7, 8, and 9, which 
are done with a single finger, and 10, 11, 12, which arc 
performed with the foot, in this icspect, 

3 In the side of the body in which the oi gan is. Test 
1 IS like Test 4 in this icspcct. Both arc done with 
mechanisms on the same (light) side of the body, whcieas 
Test 1 diffcis from Test 2 since the former uses the right 
and the latter the left hand, 

The 136 coefficients piinted m Table 4 may be variously arranged 
to produce groups in which the tests diftcr in all three respects, or m 
any two or any one of these respects, 

Consider first the peifoimances in which the activity, the bodily 
organ, and the body side aie different, In Table 8 arc 22 correla¬ 
tions between such performances. The aveiagc of these coefficients 
IS 0 269 Due partly to the fact that all of the individual tests arc 
associated to some extent with chronological age and mental age, this 
correlation is spuriously high. When these factois are removed by 
partial correlation, the residual coefficient is appioximatcly 0 17- This 
figure indicates that, among different types of motor activities done 
with different bodily organs on diffeient body sides, relative speed 
may vary greatly. In fact, the aveiagc correlation of speed in differ¬ 
ent performances is no greater than the average correlation of speed 
in a motor function and intelligence*^ Among young cliildrcn, in 
other words, speed in certain performances indicates only to a very 
slight extent the relative rate in performance in which different ac¬ 
tivities and bodily organs are engaged 
In Tables 10 to 15, which follow, are given the correlations of 
various performances in which one (or more) of the factors—tlie 
type of activity, the bodily organ, and the body side—is (aie) the 


“See Table 2 
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I'ABLE 8 

Correlations dhtween Tests in Which Activities, Memhers, and Sides 

ARI DiIFERENT 


Marbles, right hand—bell, left finger 52 

Marbles, right hand—bell, left foot ,44 

Marbles, right hand—repetition of syllables 19 

Marbles, left hand—bell, right finger 46 

Marbles, left hand—bell, right foot 44 

Marbles, left hand—repetition of Byllablca 10 

Bell, right finger—cards, left hand 43 

Bell, right finger—holes, left hand 43 

Bell, right fingei—lepetitlon of syllables 0+ 

Bell, left finger—cards, light hand 28 

Bell, left finger—holes, right hand 30 

Bell, left finger—repetition of syllables 01 

Beil, right foot—cards, left hand 21 

Bell, right foot—holes, left hand .58 

Bell, right foot—repetition of syllables 04 

BeiJ, left foot—cards, right hand 24 

Bell, left foot—holes, right hand ,3<> 

Bell, left foot—repetition of syllables 02 

Cards, right hand—repetition of syllables ,12 

Cards, left liand^rcpetition of syllables 22 

Holes, right hand—repetition of syllables 17 

Holes, left hand—repetition of syllables 32 


Average 269 


TABLE 9 

Average Corrpiatioms Computed from tiif Group Shown m Taries 10 
TO 15, Inclusive 


1 Average j of speed of peiformance when the activity, the bodily 

organ, and body side aie dilfcrcnt .269 

2. Average r of speed of performances when the body side is the 

same but the activities and bodily organs are different 415 

3, Average r of speed of performances when the organ is the same 

hut the activities and body side are different .455 

4. Average r of speed of performance when the organ and body 

side are the same but the activities are different .483 

5, Average r of speed of perfoimancc when the activity is the same 

but the body side and bodily organs arc different 641 

6 Average r of speed of pcifonnancc when the activity and the 

body side are the same but the bodily organs are different 683 

7. Average r of speed of performance when the activity and bodily 

organs arc the same but the body side different .757 

8. Average r of speed of performance when the activity, body aide, 

and membera arc all the same 761 
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TABLE 10 

CORR-EIATIONS OF PERrORMANCF IN WHICH THE ACTIVITIES AND BoDlIl ORGANS 
Are Difierfnt Bui the Body Side Is the Same 


Maihles, light hand—bell, right finger 61 

Maiblca, light hand—bell, right foot 56 

Marbles, left hand—bell, left finger 36 

Marbles, left hand—^bell, left foot ,32 

Dell, light finger—card, light hand 43 

Bell, right finger—holes, light hand 36 

Bell, left finger—caid, left hand 28 

Beil, left finger—holes, left hand 46 

Bell, light foot—cnid, right hand 20 

Bell, right foot—holes, light hand 51 

Beil, left foot—card, left hand ,34 

Bell, left foot—holes, left hand 55 


Average 415 


TABLE 11 

Correi ATiONS or Plrformances in Which Aciivities and Body Side Are 
DirrERENT DUT Bodily Organs Are the Same 


Maibles, right hand—hell, left hand 47 

Marbles, right hand—caids, left hand 54 

Marbles, right hand-holes, left hand 65 

Marbles, left hand—bell, right hand 37 

Marbles, left hand—cards, right hand .54 

Maibles, left hand—holes, right hand .62 

Bell, right hand—card, left hand ,30 

Bell, right hand—holes, left hand .48 

Bell, left hand-card, right hand 38 

Bell, left hand—holes, right hand 32 

Caul, light hand—^lioles, left hand H 

Card, left hand—holes, light hand 38 


Average +SS 


TABLE t2 

Correlations Among Performances in Which tiif Body Smi and Bodhy 
Organs Are Diffprcnt But run Activity is tiil Same 


Bell, right hand—bell, left finger 61 

Bell, right hand—bell, left foot 53 

Bell, left hand-bell, right finger 71 

Bell, left hand—bell, right foot 69 

Bell, right finger—hell, left foot 53 

Bell, left finger—bell, light foot 68 


Average 641 
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TABLE 13 

Correlations Among Performances in Which Activitics Are Different 
But Bodily Organs and Body Side Arl the Same 


Marbles, ri^lit hand—bell, right hand 50 

Marbles, right hand—earth, right hand 5S 

Marbles, right hand—holes, light hand 67 

Marbles, left hand—bell, left hand 35 

Marbles, left hand—cards, left hand .58 

Marbles, left hand—holes, left hand .66 

BcK, right hand—cards, right liatid .35 

Bell, right hand—holes, right hand 38 

Bell, left hnnd^—cards, left hand 33 

Bell, left hand—^holes, left hand 60 

Cards, right hand—holes, right hand 43 

Cards, left hand—hoJes, left hand .37 


Average +83 


TABLE 1+ 

CORRELAHONS OF PERFORMANCE IN WlIlCH BOD\ SlDE3 ArC DIFFERENT BuT 
Activity and Bodily Organs Are thl Same 


Marbles, right hand—marbles, left hand 83 

Bell, right hand—bell, left hand .78 

Bell, right finger—bell, left finger 76 

Bell, right foot—bell, left foot 79 

Cards, right hand—cards, left hand .6+ 

Holes, right hand—holes, left hand ,7+ 


Average 7S7 


same and the others different. Since it is our puiposc merely to 
compare these correlations with each other, and since the iniluence of 
age is approximately the same, on the average, for eacli of these 
groups, the laboiious task of paitialing this factoi out has been 
omitted It should be understood that all of these coefficients would 
be a few points lower were the age constant TJicse following corie- 
lations should be compaicd with the uncoaected average of .269 
(instead of the 0 17 just given), the coefficient wiien all three factors 
Were different 

Compared to the coefficient of 0.269 of tests in which activities, 
bodily organs, and body sides aic all diffeient, the correlation is 
higher (0.415) when the body side alone is the same. This increase 
is appreciable but not laigc 

When the body side and the activity aie different but the bodily 
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TABLE 15 

Correlation of Ppreormancb ik Which Bopilv Organs Arc Differcnt 
13ut Actiyitt and Body Side Are the Same 


Bell, right hand—bell, right finger 

70 

Dell, right hand—bell, right foot 

70 

Bell, left hand—bell, left finger 

.68 

Bell, left hand—bell, left foot 

.71 

Bell, right finger—bell, right foot 

61 

Bell, left finger—bell, left foot 

70 

Average 

63i 


oigan IS the same, the coirelations of speed of pciformancc arc greater 
than when all these factors diftci, and slightly greater than when the 
body side, alone, is constant If age wcic eliminated, this correla¬ 
tion would be about 0 40» This figure indicates that knowing how 
rapidly a child can perfoim with the right hand (or finger oi foot) 
in activity A helps one very little to predict how rapidly, in compari¬ 
son with others, the child can function with the left hand (or finger 
or foot) in activity B, so greatly is speed of movement bpccialized. 
Yet the fact remains that a person tends to maintain more nearly the 
same relative position m speed of various activities for the two hands 
or other members than in speed of various activities for different 
organs on the same body side 

When the third factor, the type of activity, is the same and the 
body sides and the organs are different, the con elation becomes 0 641 
This is the greatest increase made by any single factor, In fact, it 
IS greater than the increase due to the other two factors combined, 
this combination producing a coefficient of 0,483. Even with age 
eliminated, tlie con elation between speed m the same actwiiy, tliough 
performed with another type of bodily organ and on the opposite 
body side, is about 0.60, a figuie whiclr mav be regarded as a fairly 
substantial coefficient. The nature ol the activity is the greatest 
single source of correlations of speed in peiformance If a perhon is 
rapid m tapping the bell with Ins hand, he tends to be rapid, com¬ 
pared to others of his age, in tapping a bell with his fmgei or foot on 
eithei side of the body 

Apparently, there aie elements conccined with speed of peiform- 
ance which cire coinmon to a given type of activity, despite changes 
from one body side to the other and from one bodily organ to an¬ 
other Whnt these elements aie wc shall try to discovei presently 
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In the thice groups of correlations, two factois were the same and 
the third was diffeient. When body side and the type of organ aie 
the same but the activity diffeicnt, the coiiclatton is low, 0 483 
When the activity and the body side aic the same but the oigan 
different, the r is highci, 0 683 When the activity and tlie type of 
01 gall aie the same but the body side diffcicnt, the coefficient is still 
highci, 0,757. These figuics indicate that if we know how lapidly 
a child call pel form a given act witli his light hand we can tell much 
better how lapidly he will peifoim tlic same act with his left hand 
than how rapidly he can do some othei activity with the same light 
hand 

The facts brought out may be siimmauzed as follows, The coire- 
lations of speed of peifoimancc aie low, in fact, barely appicciable, 
when the type of activity, the bodily oigans, and the body sides are 
all different. When any one, or a greater numbci, of these thiee 
factors is the same, the conclations become higher, Of the three 
factors, the influence of the body side is the least. Other things being 
equal, the correlations of two pcifoimances executed by members on 
the same right or left side of the body aic not much higher than 
when the mcmbeis are on opposite sides The influence of the body 
mcmbci is greater That is to say, the correlations are somewhat 
higher, otbei things being equal, when the same oigan, such as tlie 
hand, is used in the two pcrfoimanccs than when one organ, such as 
the hand, is used m one test and anothci, such as the foot, is used in 
the other The effect of liaving the type of mechanibm constant is 
not much gieatei than that of having the body side the same, and 
neither has, in absolute tcims, a vciy marked influence The 
greatest effect on coirelation is produced by the type of the activity 
So great is this influence that speeds of peifoimancc con elate above 
0,60 when the type of activity is the same even when both of the 
other factors are dillcient, that is, when two diffcicnt types of organs 
and these on the opposite sides of the body aic engaged. Such aie 
the facts How may they be explained? 

Possible Explanaiiojt of fhe Influence of the Body Side 

A possible explanation of the fact that, othei tilings being equal, 
the correlation of speed is lowcicd by mcicly shifting the pciform- 
ance to the opposite body side and tliat it is increased by changing 
fiom two organs on opposite to two organs on the same side of the 
body, may be sought in the facts of individual differcnccs in clegiee 
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of right- 01 Icft-sidedness That people arc, ni different degrees, 
superior in motor activities executed with the right (or left) mem¬ 
bers to those carried out with membeis on the opposite side is well 
known A pcison’s position in n group, secured by a test of an organ 
on one side, othei things being equal, would become higher or lower 
when the test is shifted to tJie other side in accordance with the 
degree to which his second side, compared to other individuals in his 
group, is better or worse than the fiist side tested. Concretely, if 
A, B, and C obtained an equal score in speed in a test of a motor act 
with the hand on the right side and if A were cxtiemcly right- 
handed, B equal-handed, and C left-handed, they would probably 
show differences in speed of the left members A would be slowest, 
<and C most rapid Such shifts would, in a group, reduce coirela¬ 
tions 

Whether the degree of advantage of a member on one side over 
the corresponding member on the other is found to be due to differ¬ 
ences in training or experience, to n«uive differences in muscular or 
neural structure controlling the membei, or, as has recently been 
claimed, to the differences in the function of the eyes for the two 
sides, would not influence tins geneiai evplanatjon, 

Evplanation of the Itifiuence of Bodily Oigans 

The next fact observed was that tlic speeds in licrformance of two 
types of bodily oigans or mechanisms, other things being equal, are 
correlated higher when both mechanisms are of the same tj'pe, i.e,, 
hands, than when they arc diffeient, i e, one a hand and the other 
a foot. This IS probably due to a specialisation of speed among the 
diffeient organs, some persons aie, compared to the aveiage, fast of 
hand and slow of foot, others arc fast of foot and slow of hand in 
vaiious degrees in all sorts of activities If this is true, tlie fact that 
correlations aie higher when the same type of mechanism is used, no 
matter what the activity may be, than when diftcrcni types of oigans 
are employed, would find an explanation. 

How Jt happens that people come to be lelatively moic rapid in all 
sorts of activities conducted by one member than by others is anotlier 
problem. Whether the differences arc due to specialization in ti .lin¬ 
ing or to native differences the picsent data do not indicate 

Explanation of the Influence of the Type of Activity 
It was found that the coirelations of speed of performance are 
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very low when the activities, the body members, and the body sides 
are different; that they aie slightly higher when either the member 
or tile body side or both aic the same, and very much higher when 
the type of activity is the same* Theic must be elements common 
to pciformance m a given activity which result in high coneUtions 
of speed, no matter with what body mcmbei oi on what body side 
the pciformance is executed. 

In endeavoring to axsccitain, if possible, what aic the elements in 
an activity that contiibute to conclalions of speed of pcifoimancc, 
we may be assisted by getting before us a more concrete picture than 
the picceding analyses have piovided by classifying the intercoirela¬ 
tions of the bcll-tapping tests in winch the same task and apparatus 
weie used in six diffcicnt wavs with three types of body members, 
omitting the reactions with right and left members alteinatmg, which 
presents a special pioblem* The intcrcorrelations of these perform¬ 
ances aie classified in Table 16. 

In this table it is apparent that, while the factors of body side and 
members have some influence, theic icmains a substantial coirelation 
of speed in tapping, no mattei what mechanism or which side is en¬ 
gaged. For example, the speeds of tapping with the right hand and 
with the left foot, oi left fingci and the light foot, aie con elated 
substantially. The avciagc of these correlations of hands, fingers, 
and feet on opposite sides of the body, with the influence of age on 
the coefficients eliminated, would be approximately 0.60. In speed 
of tapping the bell, then, an individual maintains a similai relative 
position in a group of the same age, no mattci with wliicli organ oi 
on which side the performance is done 

Several conceivable explanations of this correlation mav be offered. 
The association may be due to. (et) the common influence of intelli¬ 
gence in adapting to the test situation; (/>) the common influence ot 
difteient amounts of training which may affect tlic speed of perform¬ 
ance of all body members in response to the bell apparatus used, or 
(c) a general, native speed in fairly simple iespouses of the muscles 
of the various members here used 

The fiist explanation may, in a measure, be subjected to test, 
since speed in these performances was correlated with intelligence 
as measured by the Stanfoid-Binct test. The avciagc con elation of 
th^ six bell-tapping tests with mental age is 0.363 This association 
IS, however, due m considerable mcasuie to the common factor of age 
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TABLE 16 

Intercorrelations or Performancfs in Tapping a Bell in Difierunt Ways 


A, Same tnemhc} and side 


Right hnad—right hand 

85 

Left hand—left hand 

,91 

Right finger—light finger 

,83 

Left fingei—left finger 

80 

Right foot—right foot 

8+. 

Left foot—left foot 

71 

Average 

823 

C Same side, diffeient 

members 

Right hand—light foot 

70 

Left hand—left foot 

,71 

Average 

705 

Right hand—right finger 

70 

Left hand—left hnger 

68 

Average 

69 

Right finger—right foot 

61 

Left finger—left foot 

,70 

Average 

655 

Average of the 6 

683 


B Same memberj opposite sides 


Right hand—left hand .7S 

Right finger—left finger 76 

Right foot—left fool .79 

Average 777 


D Opposite side, differ ml mem bets 
Right hand—left foot 58 

Left hand—light foot 69 

Average 635 

Right hand—left fingci 61 

Left hand—light finger 71 

Average 66 

Right finger—left foot ,58 

Left finger—right foot ,68 

Avci age 63 

Avciagc of the 6 6+2 


which IS con elated with mental age to the extent of 0^49 and with 
the tests of speed to the extent (average r) of 0,395. When age is 
rendered constant, the correlation of speed in the tests and intelli¬ 
gence is appioximatcly 0 23 This coefficient is sufficient to account 
for some of the coiielations found among speeds of performance m 
a given activity by diftcicnt body members. 

The second explanation, namely, that training may increase the 
rate of tapping the bell bv all body members on both body sides and 
that speed in all, therefoic, is high or low, accoiding to the amount 
or eftectiveness of tJie training wonlcl, if correct, be a satisfactory 
type of explanation. It would have the support of a number of 
studies by Woodwoith (15), Swift, (12), and otheis on cross train¬ 
ing’ in which it has been found that specific practice in a given task 
by, say, the light hand increases efficiency of the left liand greatly 
(as much as 70% or moie in some cases) and of the light and left 
feet consideiablv It may be noticed in Table 16 that the correla¬ 
tions of tapping by the right and left hands arc higher than the 
conelations of one hand and either finger or foot, These facts aie 
m accord with the explanation on the basis of cross training 
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That the effects of cross tiaininp; completely account foi the facts 
may be doubted for tvYO icasons. First, it is not probable that the 
practice of the cliildicn of the same af^e difteicd vety gieatly, since 
11 is impiobriblc that any of them had piacticcd piccisely these pei- 
formanccs to any extent Secondly, in an c\pcumcntal investigation 
of a similar act—tapping with a pencil foi speed—witli cliildien of 
the same age as those used in this study, it was found tlial intensive 
daily training over a period of six monthb piodneed an impiovemcnt 
that was small in comparison with the diftcienccs between tiic indi¬ 
viduals before and after, Eveiy indication was that the great diffei- 
ences in speed of tapping were due laigcly to native factors.^ While 
the activities m the present study are not exactly the same as, but 
piobablv more complex than, the one investigated by means of prac¬ 
tice, the results of the latter study nevertheless suggest the piob- 
ability that the differences due to vaiiations in piacticc arc not wholly 
icsponslble for the correlations here found. 

It therefoie seems probable that the fact that, at least in a veiy 
simple peifoimance, such as tapping the bell, a child’s speed tends, 
in compaiison with those of other cliildicn of the same age, to be 
about the same by whatevei body member it is pcifoimecl is partly 
01 laigely due to native diffcicnccs in aptitude. Aptitude, in this case, 
would necessarily involve mechanisms othei than the motoi oigan, 
e g , the hand, concerned. It might include ncuial, visual, pciccptlve, 
and muscular mechanisms engaged in the activity when pci formed 
by any particular organ 

The Relatiofi between Speed zvith 07 ie Mcftibet and 
Speed of Both Members Acting Alternately 

A main generalization resulting fiom the results thus far secured 
IS that m each type of simple motoi pei foi mance a child tends to be 
typically fast, aveiage, or slow, but that his i dative speed in one 
type of perf 01 mance docs not indicate with any dcgiee of reliability 
his lelative speed in other types of activities In connection with 
this generalization, the conclations of a pcrfoimance executed by 
neither of the opposite members alone but by each alternately may 
be most intelligibly considcicd. How these coiielations fit into the 
scale fiom the highest to the lowest is shown in Tabic 17. 

Examination of the scale of avciage coiielations in Table 17 


“^See Gates and Taylor (3) 
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shows that coiiclations of speed in tapping the bell with the right 
and left member alternately, other factors being equal, fall about 
midway between the conclations of tests of the same activitv and the 
coiiclations of tests of different activities. To say the same thing m 
a concrete form’ If we know a person's speed m tapping the bell 
with his right hand we can predict better how lapidly he can tap 
the bell with his left foot than how lapiclly he can tap the bell with 
the light and left hand altcinately. The lattci piediction, howevei, 
will be better than a prediction of bow rapidly the person can do 
some quite diffcient task, such as soiting cards, placing maiblcs m a 
slot, punching holes, or articulating familiar words. Tile implica¬ 
tion of these facts is that tapping a bell with the hands alternately 
is not the same type of activity as tapping with any member alone, 
although It is not so different a type as soiting cards or articulating 
words, etc It falls midway between the two. This suggestion of 
the correlations seems to accord with a conimon-scnsc appraisal of 
the various activities 

Summaiy of the Mam Co?iclusio?ts 

1 Tests of motor speed and dexterity in such tasks as placing 
marbles in a slot, soiting cards, pegging sticks in a board, clapping a 
bell, vocalizing familiar syllables, etc, in the case of childien 4 5 to 
6 years of age yield a low aveiage correlation (appioximately 24) 
with the Stanford-Binet mental age. Such tests, in other words, are 
poor indicators of intelligence. 

2. The correlation of such tests with intelligence is probably 
somewhat greater among the young children than among older 
children and adults This appears to be due to the fact that pcrfoim- 
ance in the more complex of the 17 tests among the younger sub¬ 
jects is influenced somewhat by the child^s ability to peiceive ef¬ 
fective ways of adjusting himself to the task and to achieve better 
methods of procedure* Some of the tests, in other words, aie influ¬ 
enced somewhat by intelligence and aic, therefore, not tests of motor 
dexterity, pure and simple, as they probably are in the case of adults, 
3. The tests judged by observers to give least play to intelligence 
yield correlations with mental age of approximately 19, a figuic 
which suggests that tests of motoi dcxteiitj'^, puic and simple, are as 
nearly independent of intelligence among young cluldicn as among 
adults. 
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4 The intercoiielations of the 17 tests suggest that motor speed 
IS highly specialized m about the same degree among young children 
as among adults Young children who are rapid in one type of per- 
foimance are only slightly more likely than children aveiage oi slow 
in. that peiformance to be lapid in performance of otlier tvpcs. An 
analysis of the data shows, however, that the correlations vary from 
neaily zero to ratiier substantial positive coefficients ns the result of 
the influence of three factors* (^i) the nature or type of the perform¬ 
ance, {b) the type of bodily oigan or mechanism involved, and (c) 
the side of the body (right or left) on which the mechanism Is 
located The lowest or minimum correlation is found between tests 
which are difleient in all three respects, Thus, between sorting 
caids with the light hand and articulating syllables, the con elation 
IS nearly zero 

5 It was found that correlations tend to be high when the type 
of performance is the same, even wlicn executed with quite different 
organs. To illustrate, tapping with the right hand tends to show 
substantial correlations with other tapping tests done with tlie left 
hand oi finger or either foot 

6. It was found that correlations tend to be above the minimuin 
when the same oigan, e,g,, the hand, is used even if one type of task 
IS done with one and another with the other, 

7. It was found that correlations tend to be slightly above the 
minimum when the same bodily side is involved. Thus, if the first 
test used a mechanism on the side of the body, predictions of 
other performances with organs on the right side are slightly better 
than predictions of pcrfoimanccs similar, except that tlicv arc done 
with organs on the left side of the body, 

8. Necessarily, correlations become hjglier wlicn two of the three 
factors, instead of only one^ are the same. 

Methods of Giving and Scoring Tests of Motor 
Speed and Dexterity 

The tests used in this expeiiment were chosen after considerable 
research and observation First, a study was made of all tests for 
motor skill, both for children and adults. Also a collection of social 
games of skill was made Secondly, these tests and games were pre¬ 
sented to a group of kindergarten and primary teachers for criticism. 
As a icsult, many weie thrown out Later, the remaining tests were 



448 


JOURNAL or GLNLTIC PSYCHOLOGY 


classified under (a) test, (i) type and description, {c) appaiatus, 
and (fi) scoiing, then presented to a gioup of rcscaich students for 
ciiticism The tests ictained were both those fcavorably coiisideied 
and tliosc considered doubtful* The third step was the expciimenta- 
tion. Cliildrcn ranging fiom 3-11 to 6-0, chionological age, wcie 
used as subjects Special attention was given to tlie (a) type of 
success, (b) intciest, (c) fatigue, and (d) satisfactions. As a lesult, 
tlie following tests with the following directions and methods of 
scoring were derived 

Putiuiff Marbles at to Box 

Tins test was chosen because of its simplicity, familiarity, univeisal 
interest, and easy scoiing. 

Apparatus. Two boxes and 50 maiblcs were used for this cxpeii- 
nient. A wooden box 6^4 ^ indies with a 3-inch-holc cut at the 
intersection of the diagonals was used as the dcpositoiy for the 
marbles, A smaller box 5x4 inclics, and inch lower than the 
larger box was used as the container of the matbles. The boxes were 
placed on a table convenient to the child's height m such a way as to 
allow him freedom of movement of the arms The smallci box was 
placed in line with the edge of the table. 

Direction, "You see this box witii the hole in it. I want to 
see how fast you can drop tlicsc maiblcs into tliis liole, moving only 
one at a time like this [dcmonstiatc]. When I say, 'Ready, go/ 
begin witli your hand on a marble and work as fast as you can until 
I say, 'Stop.' Be sure to move only one marble at a time," ^'Positioiij 
ready^ Siop/^ Time—30 seconds 

Score, 1 Number of marbles moved by right hand. 

2. Number of marbles moved by left hand (child was 
permitted to use either hand in beginning). 

3 Number of maiblcs moved by both hands 
4. Errors made by erich 

Dropping marbles and moving two marbles at a time - 
were counted as errors 

Repetition of Syllables 

Many syllables and phttiscs weic tried out for this test, but some 
seemed too short (hindering a correct counting), some too confusing, 
and some too monotonous. Baa^ baUj black sheep was finally chosen, 

It was both interesting to the children and easy to count. 
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In this test nlonc^ it was difficult to get the childlen to continue 
for 10 seconds, the younger ones especially The method of having 
the child start with the stop-watch and stop with it was used and 
was successful in eveiy casc^ 

Directions ^‘Do you know about Bna, baa, black sheeps [If the 
child does know it, he is ready to tell, if he doesn’t, his intciest can 
be solicited easily by a recital of the rliymej Now, then, since you 
know about Baa, baa, black sheep, I want to find out how many times 
you can call his name like this [demonstrate] until I tell you to stop 
When I say *Ready, go* say Baa, baa, black sheep as many times as 
you can until I say, '^Ready, go Stop/* 

Scoft\ Number of times Baa, baa, black sheep is repeated m 10 
seconds. 

Eno)s. Paits of phrase given only Syllables repeated out of 
ordei Syllables incorrectly given (as back for black)* 

Clapping Bell 

This test was found to be one of the most desirable in the try-out. 
It continued to be popular among all the cliildrcn, but it was found 
best to run in other tests among the three tests with the bell; the 
ringing of the bell continuously was fatiguing to a number of the 
childien. The test was very easy to score 

Appataius* A board of soft pine wood vvas used with the bell 
placed equally distant from the sides and 4j4 inches from the front. 
The inches gave sufficient room foi the elbow to be off the board 
when clapping with tlie hands, and also enough room tor the child 
to stand comfortably and sec the bell m tapping it with his feet. 
The bell (ordinary classroom hell) was held m place by upholstering 
tacks Ciosses were drawn to indicate the position of the hands and 
feet, the hands were placed on the cross, and the toes directly in 
front of the cross. 

Directions “I want to find out how fast you can ring tins bell. 
Place your hand here [at X] and clap the bell as fast as you can, 
like this [demonstrate], liit the bell and then the cross When I 
say, 'Ready, go/ begin with youi iiand on tiie cross and go as fast ns 
you can until I say 'Stop*'* "Position, ready, go Stop/ 

Time—^10 seconds 

Scoie Number of times bell rings with {a) right hand, (b) left 
hand, (r) alternating hands. 
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Enois, Bell clapped inoic than once at a tune. Boaid hit moic 
than once at a time. Any othei method of dcpaiting fiom diicctions. 

Tapping {hide a. Entgci) 

The same appaiaius, the same diicctions (changing ^‘hand’* to 
‘‘fingci/' and the same method of scoiing was used as those for the 
preceding test 

Tapping Bell {Feef) 

The same apparatus, the same diiectioiis (changing '‘hand’' to 
"foot”), and the same method of bcoiing was used as those foi the 
Clapping Bell Test 

Punching Holes 

This test was suggested by Baldwin's Beifoiation Test, in which 
lie used punching holes on papci held in frames It was decided m 
this case to use a thick tissue papci held between two hoards, the 
uppei board with liolcs all the wav iluoiigli, and tlie lower board 
with holes partly through. In this way, the control of the test was 
much better, as the pencil (blunt one) was always stopped at the 
same distance^ Using a pencil the child took it in lus hand as he is 
accustomed to hold it Only a vciy few (foiii oi five) held it “fist- 
fashion.'^ 

Appai^aius* Two boards x 13 inches were held togcthei and 
clamped to a table of the coiicct height for the child. The upper 
board had holes bored through, while the lower had holes bored 
V-sliape so as to catch the pencil. Thick tissue papei was placed 
betAveeir tire two boaids; this type of paper gave easily, and also 
"popped” as the pencil went thiough There weie 11 rows of holes 
AVith 8 holes to the row, 1 inch apait and inch in diameter 
Hireciions “I want to see hmv fast you can punch holes in this 
board like this [demonstrate first line]. Begin here at tills line 
[second] and work across the boaid like this [first line, second, etc ], 
as fast as you can. When I say 'Read^, gof work as fast as you can 
until I say 'Stop* ” Ready, go Stop Time—30 seconds 

Geneujl Obseivations 

Tile following comments arc made by Mis. Scott who gave the 
tests. 

1. As a rule, the children liked all the tests and weie vciy much 
pleased to return the second day They objected seriously to dircc- 
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tions the second day, and usually said, laio^Y, let me begin now**^ 
I made a point to icpeat the necessaiy parts only (ornitting descrip- 
tive). Thcii eagcincss and readiness to begin may paidally account 
for the inciease in scores 

2 If any test was disliked at all It was the bell This, howcvei, 
was only by a few nervous and restless children 

3. I felt that these tests wcie not tests of the very best speed the 
child len were capable of giving On the other hand, they all chose 
(without exception) soonei oi later a safci and suicr method. If 
their method seemed to confuse them in the least, they slowed up. A 
number began veiy fast but, on showing haphazaid and awkward 
movements, selected a pace that gave more accuiatc icsults Some 
even asked, “Let me begin again.” Other comments were, “I 
shouldn’t have gone so fast,” "I can do better than that," etc The 
children, on the whole, were very self-cutical 


TABLE 18 

Scores Obtain to on the Motor Speed and Dexterity Tests 


Test 

Average 

score 

Average 

devia¬ 

tion 

Amount sec¬ 
ond exceeds 
first test 

Put maibles m box 

Right hand 

18 36 

189 

84 

Left hand 

17,12 

170 

36 

Both hands 

23 02 

2 50 

tzo 

Clapping bell 

Right hand 

13 82 

176 

1 52 

Left hand 

12 91 

1 71 

1 18 

Alternating hands 

14 48 

2 82 

2 93 

Tapping bell 

Right fingeL 

9 88 

1 98 

1 24 

Left fingei 

9 28 

1 94 

54 

Alternating fingers 

12.50 

2 56 

3 32 

Tapping bell 

Right foot 

10 71 

1 51 

.50 

Left foot 

10.13 

1 33 

.94 

Alternating feet 

10 88 

1,29 

1 04 

Sorting cards 

Right hand 

H43 

2 36 

™ 36 

Left hand 

1143 

1 93 

,74 

Repeating syllables 

7,96 

82 

1,34 

Punching holes 

Right hand 

30 12 

3 77 

1,68 

Left hand 

27 96 

sss 

63 
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4 I felt that the thiul test, that of tapping the bell with the 
index fmgeij could be classed as a difficulty test. This was very 
hard to do foi some of the childicn; it showed up the little use of 
the finer miisculai movements I'.ipping the bell with the feet was 
also difficult for some, and most of the childicn did it vciy carefully 
for feai they would lose their cquihbiiunfi. 

5. The greatest amount of “awkwaidness” and ^‘clumsiness” 
showed up m tJic caid-sortmg. Tlicy seemed to know little <ibout 
separating cauls and had many difficulties. 

6. The children who made the best iccoids on alteinating hands 
and fingers on the hell test w^cic those who “hit on” a method of 
moving both hands at the same time, or some modification of it. 
Those who used a “see-saw” movement altogcthci aic sianed on the 
test-scoies. 

Table 18 gives the average of the scores on the two trials of each 
test, tlie average deviation of the scoies, and the amount which the 
second trial exceeded the fiist trial. The data aie based on 50 
childien, average age 5.42 years and average Staiifoi d-Binet mental 
age 6.56 years 
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LES TRAITS CARACTSRISTIQUES ET LES RELATIONS DE LA 
VITESSE ET DE LA DEXTfiRITf: CIIEZ LES JEUNES ENFANTS 

(Resume) 

On a fait subii ^ cjnrpiante enfaiits, hges de 4j4 h 6 ans, deux epreuves 
dans chacun dc 17 tests dc vitesse motnee et do dcxtdnte comme il suit (1) 
mise de billes dans line boitc, mam droite, (2) meme chose, mam gauche, 
(3) meme chose, les deux mains, (4) action dc sonner unc clochctie, main 
droite, (5) meme chose, main gauche, (6) meme chose, line main ct puis 
I'autie, (7) tapement d'line clochctte, index droit; (8) meme chose, index 
gauche, (9) meme chose, index droit ct puis index gauche, (10) meme chose, 
pied droit, (ll) meme chose, pied gauche, (12) memo chose, picd droit 
et piiig pied gauche; (13) triage dc cartes, main droite, (14) meme chose, 
mam gauche, (15) lepetition de syllabes, (16) poinejonnage dc trous, main 
droite, (17) meme chose, main gauche Eliminant Tage et Tinconstancc des 
tests par des methodes statistiqiies, on a trouve qiie Jes tests do dext^rit^ 
motiicG semblent ne pas montrer de correlations plus clevces avee Vintelll- 
gence au cas des ;euiics enfants fju’uii cas des ndidtcs II parait niissi que 
la vitesse motrice est tant sp^cialls^c chez lea jeuncs enfants, comme chez 
les adultes, que pour I’analyse professionncllc il vaut imcux mesurer des 
types individuels dc vitesse et dc dcvteriti quo dc les cstiincr dea r6sultaia 
collectifs L^analyso des correlations parrni lea tests montre que le^ corr6ia- 
tions tendent k etre positives parmi les tests d'unc fonction donnee, e'est-A- 
dire, le tapement, meme s'jl est execute avee des organcs dilfdrcnls, e’est-^- 
dire, le doigt, le pied, k braa. On a trouve que les tests (cndeiit A efre 
corr6l6a positivement qiiand ils sont executes du meme cote du corps (droit 
ou gauche) ou avee le meme organe (c’est-^-^dirc, la main) quand meme 
les autres traits caiact^nstiqiics seraient diif^rcnts Lhnllucnce de la sirni- 
Iarit6 de foticUon a eti heaucoup plus grande, cependant, que cede de 
I’ldentite du cote dii corps ou de Porgajfc employes 

Gmes ft Scot r 
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EIGENSCIIAFTEN UNIJ BEZIEIIUNGEN DKR MOTORISCIIEN 
SCIINFXLIKEIT UNI) DER GESCIIICKUCIIKEIT liEI 
JUNOEN KINDERN 
(Reftfat) 

E 3 ^^n^dcrt an 50 Kiiulcjn im Allci von bis 6 Jalirtn jc zwei Ver- 
auchc gcinacht mit 17 Tests yiii Piiifunp dcr moloii'ichcn Scimcllij>kcit und 
dcr Geschickliclikeit, wie folgt (1) in it dcr rechten Hand Miirmchi in cine 
Schaclitel lessen, (2) wic (U, niii mit dci linken Hand, (3) das scibc, mit 
beiden Ilnndcn, (4) mil dci icchlcn Ilimd ciiic Glockc lauten; (5) das 
selbe, mil der hnken Ilaiul, (6) dns selbc mit bcidcn Ilandcn abwcchselnd, 
(7) mit den icditcn Zeiffclingci cinc Glocke nntnppcn, (8) daa selbe, mit 
del linken Hand > (9) das scibe, mit abwechsclnden Ilandcn, (10) daa 
selbe, mil dem rcchtcn Fusa, (H) das selbe, nut dern Hnken Fuss, (12) das 
scibe, mit abwecliselndcn Fusacnj (13) mit der rcchtcn Hand Karlen aiissoii- 
dcrii, (14) claa selbe, miL der linken Hand; (15) Silbcn wicdeiholen, (16) 
mil der rechten Hand Locher stechen, iind (17) rlas selbe, imt der linken 
Hand, Nacbdem die Faktoren des AIicis iind dcr CJnziivcilnssigkcit stntia- 
tiscli nusgescliicden woidcn waren, /cigtc cs sich, das die inotoiischc 
Gescbickhchkeit bei jnngcn Kindciii niclU engcr rnit IntclIiKeii/ veibundcn 
sein scheint, als bei Ervvachsenen Es zeigtc sicli Icrnci, dass die motor- 
fbchc Gcse/uckhciikcil bci jtiugeii Kiudeiii, wie aucli bei Ei wachsenen, so 
eng spezialisicrt ist, dasa cs bci Anabslcruiig dci llcrufsnnlngc besaer ist, 
besonderc Foimen dcr Sclinelligkcit und dcr GcscliicklicliLcit /ii messen, nls 
sie nach GesamUahlen abziischntzen Die Analyse dci Korrclationcn zwisch- 
en den Tests zcigt, dass die Konclalionen zwischen Tests cincr bcsoiideren 
Tatigkeit (function), zum Beispicl dns Tnppeii (tapping), einc positive 
Richtung habcii (tend to be positive), scibst wenn sie mit vcrschicdenen 
Organen,—z B., Finger, Fuss, Arm,—ausgefiilirt weiden, Man fnnd, class die 
Teals in die Richtung ncigcn, positive Koi rein lion cn nut einamler zn befern 
wenn sie auf dcr aelben Seitc dca Korpers (rcchts oder links) odci nut dem 
selben Organ ausgefObrt werden, auch wenn sie in Bezug auf andere Eigen- 
schaften verschieden amd, Die Wirknng dcr Ahnlichkcit dci Tatigkeit wai 
abef Yiel starker als die der Identitat dcr Korpcraeite odci dca m Anspruch 
genommenen Organs 

Gates und Scorr 



A PRELIMINARY STUDY OF THE EFFECT OF 
DELAYED PUNISHMENT ON LEARNING 
IN THE WHITE RAT'^ 

From Ihe Ammnl Laboratory of the hefartment of Psyeholosy, Columbia 

Vniv^rsily 


C. J, Warden and S Diamond^ 


While nunieious mvcstigationb have been made in iccent years 
concerning the eftect of delayed positive incentives on learning, tlic 
matter of delay in the ca^c of negative incentives, or pimishmcnts of 
one sort or anothei, has been almost wholly neglected Aside from 
the significance of the pioblem as i elated to the systematic treatment 
of the general topic of motivation, the influence of short delays m 
administeiing punishment foi errors bcais directly upon certain types 
of laboratory technique in which the rcward-punishmcnt combina¬ 
tion of motivation is employedt This is especally true in the case of 
the disciimination method, where, as a rule, the temporal relations 
between the response and the two diverse incentives are often differ¬ 
ent In t])e Yerkes-Watson apparatus, for example, the electric 
grills aie placed directly beneath the stimulus plates, while the food 
18 located some distance away This means that punishment follows 
an incoiiect response immediately, whereas a short interval of time 
must intervene between a coucct response and tlie reward. The 
interval may be so short as to be inconsequential in the case of the 
white rat and other animals that go directly to the food, but m other 
foims, such as the ring dove, for example, the interval be a 
mattci of some seconds Unless it be known that immediacy of 
punishment is not impoitant it 5s clearly impossible to compaie the 
incentive value of reward and punishment under tliese conditions, as 
has sometimes been done, As our results show, the temporal factor 
must be taken into account before direct comparisons of positive and 
negative incentive, as related to this and other tvpes of habit forma- 

^Received in the Editorial Office, September 30, 1930 

^This experiment was planned and earned out in cooperation, the junior 
author securing and tabulating the data and the senior author being re¬ 
sponsible for the report in its present form. 

45S 
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tion can justifiablv be made. The aim of the present study, which 
was earned out dining 1927'1928, was to make a preliminary detcr> 
mmation nf the influence of slioit intcivals of delay iji administciing 
punishment upon the rate of Icaining a simple maze The results 
should be considered as moic oi less tentative, since the gioups tested 
were small and the numbei of intcivals employed f<dls within a 
narrow range. 

A simple Y-maze, as shown in the diagiani of Figure 1, was used 



Di/vgram of the Apparatus 

The entrance box and pathways weie arranged from units of the Wainer- 
Warden maze The end box, was constructed of wood with mesh top, 
and was approximately 10 x 20 inches in size HL and DR weie doors 
which could be closed by mnnual operation of a stung and pulley device 
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in making the tests, The maze was ananged fiom an ciitiance 
compaitment and 5 pathw^ay units of the Warner-Warden maze 
placed upon a varnished table top. The food box was 10 x 20 inches 
in size, with wooden sides, a wire-mesh top, and a floor consisting of 
two large electiic grills placed in the right and left positions, the two 
togethei covciing the entne floor aiea of the food box Each grill 
was made of a slab of bakclite 0,5 inches thick, wound with No. 18 
copper wile at intervals of 0 25 inches in such a way that the wires 
from each terminal alternated, thus insuimg a shock when any two 
adjacent wires weic touched. The giills weie supplied with cuircnt 
by means of the electrical system developed m connection witli tlie 
Columbia obstruction apparatus Foui dcgiees of shock wcie used 
in various phases of the cxpeiimcnt, tlie character of the physical 
stimulus being indicated by the following leadings. Shock A, 700 
volts, 0 921 in a., Shock B, 1000 volts, 0132 ma., Shock C, 700 
volts, 0 180 m.a , Shock D, 500 volts, 0,192 ma The two doors, 
DL and DR, located at the left and riglit entrances to the food box, 
were operated manually by a simple string and pulley device so 
placed as to fall outside the visual field of the animal. The distance 
from the point where the pathways diverge to either of these two 
doors was 20 inches 

The results presented cover the training of 13 white male lats, 
two having been eliminated finally because they formed position 
habits which could not be leadily broken and which rendered them 
valueless for the present purpose, The <mim«als were about 75 days 
of age when the experiment was begun and weighed, on the average, 
73 grams The legulai diet consisted of milk-soaked, whole-vheat 
bread, with a special ration of lettuce weekly. They were fed daily 
for 30 minutes, in groups, aftei the completion of the daily tests. 
The positive incentive consisted of a small piece of dry whole-wheat 
biead placed in the food box close against the center of the back 
wall Diy bread was used so as not to short-ciicuit the grill The 
animals were given opportunity to become adapted to the evpen- 
mental situation m connection with the following preliminary condi¬ 
tions. (a) one tiial of two minutes, with both doors open and with 
the incentive in the food box, given on four successive days, {b) one 
tiial of two minutes, given on the three following days, the doors 
being closed behind the animal as soon as the food box had been 
enteied By the end of this week of prcliminaiv work, tlie animals 
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had foimeci the habit of goin|^ diicctly to the food without wasting 
time in cxpJoratoiy activity and liad ceased to be dibturbed in any 
way by the manipulation of tlie doois. 

The training period piopci may be divided into the two following 
cycles wliicli followed one another in close succession in the case of 
cad) animal; (a) training each of the 14 animals to tuin to the light 
until the norm of 10 successive coircct iespouses was icached, and 
(Z>) training the animals to turn to the left under cliffcicnt condi¬ 
tions of delayed pumshmciit. The pin pose of the fust phase of the 
training was to establish a definite mode of icsponsc in all the animals 
so that the effects of delay m the second phase would be moie clearly 
represented m the learning scoic This technique would seem to be 
preferable to that usually employed in wliich chance icactions to 
right and left aie assumed to hold picvious to tiainmg, when, as a 
mattei of fact, diicction piefcicnees aic moie tliaii likely to be piesent 
in the ease of the white lat It was hoped that this proceduie would 
1 educe individual differences in rate of learning witliin the gioups 
representing the vanous delay intcivals in the second phase, since all 
the animals would stait with the same general diicction habit at 
presumably the same degree of fixation 

Duiing the first cycle, in which all the animals weic tiained to 
turn to the right, two trials in immediate succession weic given daily, 
except that the fust six trials of the cvcic wcic given at the late of 
one per day. The lowest degree of shock (Shock A) was employed, 
the current being turned on for 10 seconds immediately after the 
animal bad cnteied the food box thiough the left pathway When 
the animal entered through the right pathway, it w«is allowed a 
nibble of the dry bread used as the positive incentive The noun of 
mastery was set i datively high in ordei to equalize the dcgiec of 
fixation of the habit of turning to the right in the animals. The 
norm of 10 successive correct trials required perfect runs on 5 days 
m succession, 

The results of the training for the fiist cycle arc shown in Table 
1 These data seem to demonstrate tire prevalence of right and left 
preferences among white rats even on their first contact with an ex¬ 
perimental apparatus. As will be seen, most of the animals showed 
a rathci marked left preference, tinning to the left much moie often 
than to the right, even when regularly being given a shock foi so 
doing No explanation for this dominant tendency can be offered 
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TABLE 1 

Training to the Right with Immediate Punishment (Shock A) 


Responses 

1 

2 

3 

+ 

Animal Number 

5 6 7 8 9 

10 

11 

12 13 

RigliL till ns 

ZO 

13 

9 

7 

12 

3 

6 

1 

5 

11 

6 

4 3 

Left turns 

n 

23 

27 

18 

33 

8 

34 

6 

16 

17 

6 

6 6 

Total 

38 

36 

36 

25 

45 

11 

40 

7 

21 

28 

12 

10 9 


It may have arisen ciuiing the 7 picliminaiy trials, but since the 
data were not prcseived, no evidence can be oftcied cither way. It 
does not appear to be iclated to any definite prc-training condition, 
so fai as wc have observed. The array of totals indicates the tnal 
at which the several animals leached the norm of mastery required, 
the 10 right turns comprising the norm not being included m the 
scores The range of individual diffeienccs is extremely wide foi so 
simple a problem, as may be seen fiom inspection of the totals. 

As soon as a given animal had readied the set norm of mastery, 
it was placed in one of the delay groups and began at once the train¬ 
ing of the second cycle in which a left turn was required. The in¬ 
terval of delay was measured by means of a stop-watch reading to 
fifths of a second The allocation of animals to the several delay 
giQUps was made without reference to the performance scores of the 
first cycle The following five groups were arranged: (a) zero 
delay, rats 1, 2, 3, 4; (b) 4 seconds' delay, lats 5, 6, 7; {c) 8 
seconds' delay, rats 8, 9, (^/) 12 seconds' delay, rats 10, Uj and {e) 
20 seconds' delay, rats 12, 13* No change was made in the gencial 
conditions of tiaining in passing from the first to tlie second cycle, 
except in the matter of the strength of shock employed. It seemed 
advisable to use a higher degree of shock in tmining to the left in 
order to counteract any possible adaptation of the finimals to Shock 
A, as applied m the first cvcle Shock B, the next higher step, was 
therefore employed at the beginning of the second cycle It was soon 
evident, however, that the animals readily became adapted to an 
electrical stimulation of this strength, and lienee Shock C was sub¬ 
stituted Even this degree of shock did not seem adequate, and, 
after 6 trials, or three days of training, it was replaced by Shock D, 
which Avas then continued throughout the remainder of the experi¬ 
ment. Since the training of the several animals had reached different 
stages when the discovery was made that Shock B was too weak, the 
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TABLE ^ 

Training to tiic Left wnii Dfiayfd Punishment, Using Shocks B, C, and D 


Sliock B Shock C Shock 1) Or Total 

Rat Total Left Total Left Total Left "loinl Left 


1 

12 

1 

6 

1 

4 

0 

22 

2 

2 

12 

1 

6 

0 

2 

0 

20 

1 

3 

12 

0 

6 

0 

17 

9 

35 

9 


40 

1 

6 

0 

28 

0 

7t 

1 

5 

12 

0 

6 

0 

63 

13 

SI 

13 

6 

40 

10 

6 

1 

79 

9 

125 

20 

7 

12 

0 

6 

0 

25 

12 

43 

12 

S 

40 

0 

6 

0 

24 

7 

70 

7 

9 

40 

1 

6 

0 

27 

2 

73 

3 

10 

40 

5 

6 

0 

27 

1 

73 

6 

a 

40 

0 

6 

0 

43 

11 

94 

11 

12 

40 

0 

6 

0 

4S 

4 

91 

4 

13 

4C 

0 

6 

0 

7G 

10 

122 

10 


number of trials with punishment at this stiength varies, being only 
12 in some cases and 40 m the others, as indicated in the first column 
of Table 2, 

The number of trials given at each sticngtli of shock, together 
With the number of left turns, or coircct responses in each case, will 
be found in Table 2. The 10 correct trials comprising the norm of 
mastery in connection with Shock D are not included in the score 
recorded in the table. On account of the fact that the number of 
trials in the early part of the training pciiod, when Shock B was 
employed, differs from animal to animal, it is difficult to know just 
how to compute the final score for the scveial delay groups, It seems 
hardly fair to lump all the trials togethei, regaidlcss of the degree 
of shock employed, since it is evident fiom the data presented in the 
second column of Table 2 that Shock B was not vciy effective The 
same can also be said in the case of Shock C, but, since the number 
of trials at this strength was constant thioughout, no special problem 


TABLE 3 

Trial and Error Scores in Learning Left Turn wiiir Delayfd 
Punishment 


Scoiing9 

0 delay 

1- see 

8 

see 

12 see 

20 see 

Tr 

E. 

Ti 

E 

Ti. 

E 

Ti 

E. 

Tr 

E 

SliQck D score 

12 8 

10 5 

55.7 

44,3 

25 5 

21.0 

42 5 

36 5 

62 0 

55 0 

Total Score 

37.8 

3+5 

81 0 

63,0 

7L5 

66 5 

83 5 

75,0 

108 0 

101 0 
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arises here Noi does it seem quite laii to assume that tlic 28 e\tia 
tiials given some of the animals with Slioclc B should be entiidy 
Ignoied, even though they appear to be relatively inelfective. The 
icsults foi the several delay gioups, therefore, have been computed 
in both ways as given in Table 3 In the fiist airay, the gioup scores 
are computed on the basis of performance aftei Shock D was intro¬ 
duced, while the values of the second ariay represent the total num- 
bei of trials involved, legardless of the degree of shock employed. 

It will be clear from an inspection of Tabic 3 that the general 
trend of the lesults is the same, regardless of which method of com¬ 
putation is used The outstanding fact is that a delay as short as 
4 seconds lowers the value of the punishment to a most rcmaikablc 
extent. The score foi a single rat at a 2-second delay, wliicli was 
not included in the tables, was approximately twice as high as the 
above score for zero interval On the whole, thcicfoie, there ap¬ 
pears to be a general tendency for the value of punishment of this 
sort to decrease as the interval of delay increases Doubtless, this 
tendency would be moie clcaily marked if larger groups had been 
used. Tile results indicate that the temporal factor is Important m 
the case of negative as well as of positive incentives, even in a learn¬ 
ing situation of this simple type Moreover, it is evident that deter¬ 
minations of the relative value of reward and punishment cannot be 
made unless the temporal factor is equalized in administering both 
types of incentives under a given set of conditions. 

Columbia Vniversii;/ 

Neii) Y(i)k CH]! 
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UNE fiTUDE PRfiLlMINAIRE 1)E L'EFFET DE LA PUNITION RE- 
TARDfeE SUR L’APPRENTISSAGE CUE2 LE RAT liLANC 
(Rcsiim6) 

Ccst iin premier cssai de ditcrminci I'influuicc dii ictnrdcmeiit dc \n 
punition pour les cucurs dans Ics cxpciicuces nvcc lea aiumaux, svuvaut 
la maniire des stimulants positifs rctarclds On a employe nn simple Inhy- 
imthc Y, tons les nmmnnx etant cniininci A touiner A dioitc, comme piclim- 
inaire,) pour qu'ila puidscnt tons commcncei Ic vrai cntrnincmciit avee Ic 
meme Ivabdudc cle direction* EuamtCp on a divkd lea nnimoux on firoupea 
ct on les a cntrnincH A toiuncr A gauche dana unc dcs cundiiions suivantes 
dc retardment dans les chocs pour les cuciirs mil rctaidment, + seconds, 8 
seconder, 12 sccondcs, 20 secondes Un retardement de plus dc 4 accondes 
a augmente plus dc deux foia Ic nomhre dcs epreuves A uppreiKhe, avec 
la tendance dc la perte d’habilct^ i varier avee la longueur dc Ibntervallc 
dll retaidement On suggirc qu'il fniit tcnir comptc dii facteui temps en 
faisant des comparnisons dircctcs de la valeui relative dc la r6compense 
cc de la pumtion dans Us experiences avec lea ammaux, 

WARPEN et DrAMoND 


EINE VORBEREITENDE UNTERSUCIIUNG OBER DEN EINFLUSS 
DER AUFGESCIIOBENEN BESTRAFUNG AUP DAS LERNEN 
DER WEISSEN RATTE 
(Rcfcrat) 

Wir haben lucr den ersten Vcrsuch, den Einfluss dcr Auf^chlebung dcr 
Bcstiafnng von Fchlern bcl Arbeit init Ticicn niif die selbe Weisc wic bie 
positiven Antrlebcn bcstlmmcn. Ein elnfachcs Y-Lnbynnth wurde ge- 
braucht iind allc Ticre warden voilanfig drcssiert, sich rechts 7u wenden, 
80 dass allc die cigentlichc Drcssiciiing mlt dcr sclbcn Ricluungagewohnhcit 
anfangen konnten Die Tieie wiirdcn dnnn in zwci Giuppen verteilt, und 
dress;crt> aich links zu wenden^ untcr eincr der folgenden Veischiebunga- 
bedingungen, bei Bestrafung dcr Fehici durch elektriscliem Rei? 0 Ycrschie- 
bung, 4 Sekiindcn Verschiebiing, 8 Sckiinden, 12 Sekunden, 20 Sekimdcn, 
Eine Verschiehung von 4 Sekunden erforderte :?um Lerncn inelu als die 
zweifnche iirsprungliche Vcmichszalil, und es zeigte sich bci dem Verliist 
an Lclstungsfahigkcit eine Tendciw, imt dcr Lange des Verschicbiingsintcr- 
Vflls 2 :u wechgein Ea wlrd voigelcgt, dass bci direktcn Vergleichiingen dcs 
relatiyen Wertes der Belohnung und der Bestrafung bci Arbeit mit Ticren 
der Zejtfaktor in Betracht gezogen werden muss 


Warden und Diamond 



VISUAL APPREHENSION IN THE MAZE BEHAVIOR OF 
NORMAL AND FEEBLEMINDED CHILDREN*! 

Fro/ii ihe hiiinto di PjicoJofffa Spmmeniah, dcHa R dt R^ma 

Sante De Sanctis 


The maze method, so widely employed in America m the researches 
of conipaiatLve psychology, may be used not only in the study of the 
learning process and habit formation m animals, but also in the study 
of many other problems, including those of human psychology, as 
well as those of comparative psychology. 

In the Institute of Psychology of the University of Rome the maze 
method has been used for a numbei of studies of human psychology. 
The pencil maze has been used in these studies, This type of maze 
makes possible the testing of the visual-fcmaesthetic imagery of tlic 
subjects and their capacity of orientation. 

Vera Roncagli (1) carried out expeiiments on normal adults and 
infants, using three types of maze pattern, that of the Chicago 
Laboiatoiy, that of Pizzoli, and one designed at the Rome laboiatory 
expicssly to test the capacity of orientation in a situation wliich offers 
several possibilities (Figure 1) 

In one of hei experiments with the Chicago maze, Roncagli used 
as subject an abnormal child, characterized as weak and unstable, 
with mental incapacity of slight degree (This experiment ran from 
January 25 to February 21, and from Mav 1 to May 4, 1916.) This 
subject was found to be less refietiive than the normal subject of 
equal age, also he failed to show those signs of conscious activity 
which make human leaining an intellectual, and not a purely mne¬ 
monic, process. The spontaneous recollection of a senes of tests 
perfoimed at 24-hour intervals was slow to manifest itself in the ab¬ 
normal subject, and was not at all frequent, Automatism predomi- 
nated in his acts Theie appeared to be no conscious utilization of 
experience in tlie elimination of eirors Learning appeared to be of 
a semi-automatic chaiacter, it pioceeded principally with the aid of 
motor images, but practice was geneially maintained. In these re¬ 
spects the learning process of the feebleminded seemed to resemble 

^Received m the Editorial Office, September 26, 1930 

fTransJated from the Italian by Leland L Atwood and Luberta Harden 
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that of animals, the ^‘casual” learning of Tlioiiulikc. Moreover, as 
compaiccl with the normal subjcLt, the feebleminded person docs not 
orient liimsclf in the maze as lapidlv as docs the normal pcison; he 
leal ns more slowly because he is less atleiitwc and has a less exact 
memory, and because he docs not pcisist as well in piactice* 'Fhe 
findings of Roncagh^s study could iiol be consuleicd conclusive Since 
she dealt with but one subject and since that subject appeals to be 
a bordetlme case of feeblemindedness (displayed mental incapacity 
of slight d€fftee)y the objection might be raised that tlic diffcicnccs 
observed between that child and a noimal child of equal age might be 
meiely a matter of individual diffeicnccs find might not pertain to 
the feebleminded as a gioiip, as compared with the normal 

In order to thiow further light on the capacity of orientation of 
the feebleminded in the maze, the picscnt writer canied out an ex¬ 
periment with 12 boys with a medium giade of iiicnpacitv (pupils of 
an Asih sciiola di Romo) for four consecutive days, icpcating tlie 
expciimcnl at 24-hour intervals, and with 20 boys and girls of normal 
development (pupils of an /Isilo d*tvfanzia and of a Scnola comtinale 
of Parrano in Umbria), The purpose was to test the orientation of 
the subject when he had been given the task of finding an escape from 
an imaginaiy danget or the way to an imaginary reward. 

Tile De Sanctis maze (Figure 1) was used. The instructions 
were as follows. 

“Look at this figure. Suppose that you find yourself here in the 
center, and that you must get out of the maze in gieat haste because 
you are in danger (or because you are hungry and the food is out- 
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bide the gate of the maze^ or because, just as soon as you arc out of 
the gate, you will receive a chocolate). Here is a pencil; follow 
(juiclcly the shortest path which j^ou must take to get out of this cate 
at the left. Go!” 

A recoid was taken of the time, the behavior of the child at the 
beginning and during the experiment, the trials, and the errors. 
Whetlier the subject was successful in finding the exit, or not, the 
expeliment was lepeated after a few hours oi days if the shortest 
patli was not tiaccd in a given time. 

An analysis of the data shows some interesting results, and of these 
I present those winch interest me most with respect to the psycho¬ 
pathology of tlie feebleminded I assume that all the normal or 
abnoiraal subjects easily imagined the three incentives to escape from 
the maze as quickly as possible 

Normal Subjects 

The total number of normal subjects used in this experiment 
was 20; of these, 9 were of preschool age (from 3 to 6 years) and 11 
wcie of school age (from 7 to 12 years). The former will be re¬ 
ferred to as the pteschool groups and the latter as the nhool ^roup. 

No subject of the preschool group presented a general, i.e., a 
visuahkinaesthetic, 07ientaiiQn \ five piocecdcd by tiial and error, i.e, 
a motor orientation y of these five, one solved the task after one repe¬ 
tition of the experiment. On the other hand, 9 of the 11 school 
children displayed geneial orientation^ and only one proceeded by trial 
and error, while the lemaming subject appeared to proceed by gen¬ 
eral orientation and by trial and erroi alternately, Lc., he displayed 
a mixed onentation 

Observations upon the speed of reaction revealed that the yoiuigcr 
subjects all pioceedcd slowly, with but one exception, while seven 
of the older group proceeded rapidlj^, and but four moved sloAvly 

The ability to attend and to maintain attention was found to be 
distributed as follows of the nine preschool children, four sJiowcd 
such ability, while five seemed to be lacking in this respect, one 
through sensory defect, one thiough indifference, one through a 
“scatteiing” of attention, one through timidity, and one thiough 
emotionality The 11 older subjects appeared to show the ability. 

All of these normal subjects learned the maze with practice, al¬ 
though one eight-year-old girl was very slow in understanding and 
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m pcifoimancc duiiiiK five minutes she looked at the ma/.e when it 
was fiist presented without the slightest undcistaiulirij: of what to do 

Fi rilLRMrNDIT) Suiu*5C*s 

Twelve feebleminded subjects wcie used, all of school ai^c (fiom 
7 to 13 years) Ten showed a deficiency of medium Riadc [probably 
of the imbecile level], one a deficiency of ht(jh dcj^iee [piobably of 
the idiot level], and one a deficiency of dcgice [piobably of 

tlie moion level] i as detci mined by the Dc Sanctis mental tests. 

Of these 12 feebleminded subjects, si\ showed oiientation {vniiaU 
kinaesihetw iippi eheusiou)^ two piocecdcd by tiial and cnor {motoi 
Queutaiion) ^ and four showed iniscd oueutatiou Eleven succeeded 
in solvinp; the problem, only the subject with luf/Ji dcp^rce of dc- 
ficiencv failini^. Eif^ht proceeded lapidly at the task, and tlucc 
woikcd slowly. All of the 11 subjects wcic capable of learning with 
practice Seven displayed the ability to attend and to maintain 
attention, while a lack of such ability was noted in fom of the gioup 

Conclusions 

The gcncial visuaEkinacsthctic oiientation, which I shall call 
^Visual appicliension” {colpo d'oahio)^ i.c., looking at the maze 
without tunning the pencil tluougli the vatious paths, docs not occiii 
with normal children of preschool age of cithci sex, even tliough they 
be pupils in the kindergaitcn. These young children eithci do not 
understand the task (they do not find their way about in the diawing 
of the maze), or they are indiftercnt, oi emotionally upset, or dis¬ 
tracted. If they do succeed in solving the pioblem, that is, in finding 
the exit, they do so by using the mctliod of tiial and error, running 
through the various paths until they come up against the blind-alley 
stops. This procedure neccssaiily involves a great number of repe¬ 
titions of the experiment and a consequent loss of time On the other 
hand, all of the noimal oldci childicn solve the pioblem (come out 
by the shortest path), as do adults, by employing visual appiclien- 
sion. In fact, their solution is piactically as rapid as is that of 
adults, the matter of speed of solution being subject to gieat individual 
differences. 

The feebleminded children of the same cliionological age behave 
for the most pait like the oldci noimal childlen and adults They 
use visual apprehension in escaping fiom the maze, only a minority 
resorting to the method of trial and ciroi. They aic, in general, 
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slowei than the noimal subjects, piobabl5^ because of their inability 
of conceiitiatecl attention 

Visual appiehension ("coZ/>o d'occhio") is an inherent, rathei than 
a learned, ability It is an intuition of the whole, and appeals to be 
facilitated by a condition arising from the level of instinct, i e , es¬ 
cape fiom danger The failme of certain childien to solve the maze 
pioblem is probably due to causes other than the lack of visual appre- 
Jiension In such cases, learning proceeds by trial and error. Even 
m this type of learning, an image is formed of the shortest patli to the 
exit. Thus wc find that the acquisition of spatial knowledge by visual 
apprehension is an ability not only of adults and children of normal 
development but also of the feebleminded, 

The fact that children displaying a marked degree of feebleminded¬ 
ness (although not tiue idiots) do not differ in a marked degree 
fiom normal subjects of the same chionological age leads me to think 
that inability to Icain spatial data by means of visual apprehension 
does not form part of mental deficiency, lather that in cases of de¬ 
ficiency visual apprehension is sometimes hampered by pool atten¬ 
tive capacity. 

Reference 

1 Roncagli, V Ricerchc spenmentali col melodo del inbirinto. Arch, 
ttaL de psicoly 1920, 1, 57-76 (Corrected reprint in Conlnhuli Psi- 
coloffici (ieU^hiiiuio di Rotna ) 
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UAPPRilIIENSlON VISUELLE DANS LE COMPORTEMENT DES IN¬ 
FANTS NORMAUX ET DES ENFAN'FS ARRIfiRfiS DANS LE 
LABYRINTIIE 
(Rcsum^) 

L^'llUcur a fnit unc cxpcpricnce avuc 20 garijoii normnnx (9 cntrc Ic*! 
apes tie tiois ct tic six ana ct 11 eiiUc sept ct dou/c nns) ct 12 ariieiis 
(ng^'i de sept h tre^c ans) dans le hut de determiner A rpiel dcgr6 Tappre- 
licnsioii visiielle a 6tc employee dans roiieiitation dii siijct dans le laby- 
rintbe DeSanclia On a (lit au fiujet d'lmagincr tpiM ^cliappait an danger 
on qu*il dev ait rccevmr wnc recompense quand il £chnppernit On a note 
tiois types dc ronentntion (ti) gdncralc (vmiellc-kinc8tli6siquc), {b) mo- 
tnee (essai ct errenr), et (c) mixte (g^ncrale et motnee alternant) Ln 
pieinEie methodc, e’est-a-dire, cellc comprenant Pnppi^heniion visiielle a 
etc employee par Jes enfantg normaux les plus dgds (non par Ics enfants 
dc I’age pi^scolaire) ct par Ics arri6r6s ilii mernc age chronologiqiic, hicn 
que ceux-ci alent 6tc pus lenis dans leiirs reactions. On suggerc (pic, piusqiic 
cette forme du comportement sc niontre chc/ les amdres ainst que chc? les 
normaux, e’est une cnpncltd inhdrcnte plutot qu’unc capacitd apprise. 

De Sanctis 


DIE VISUELLE AUFFASSUNG BEI DEM ERLERNEN EINES LABY- 
RINTIIES DURCH NORMALE UND GEISrESSCIIWACIIE KINDER 

(Referat) 

Dcr Verfasser hat eine Experiment diiicligcfuhrt an 20 nomialcn Knabcn, 
(9 im Alter von 3 bis 6 Jaliren, und 11 iin Alter von 7 his 12 jahren) untl 
an 12 gcistesscliwaclien Knabcn (? bis U Jaiire alt) Die Afi^icht dieses 
Versuches war, zii crmitteln bis zii welchem Giade die Vcrsiichsperson bei 
der Orientierung in dem Labyrinth von Dc Sanctis von.visucllcr Aiiffnssung 
(visual apprehension) Gcbinuch maclitcn Man sngtc der Vp sie aolle 
sicli einbilden, class sie sich von eincr Gefahr fluchtc, oder dasa aie nach 
gelujigenem Eutkommen einc Belobniing crlinlten wurde. Es wnrden clrej 
Formen der Onentieiung bemerkt (n) einc nllgcineine (visuel-kincstlictiscli) 
(i') cine motorischc (die Oricnticrung mittcls Vcrsiich und Iirtum) (trial and 
error), und (r) eine gemischte Form (vwischen der nllegcmeincn und der 
motorischen alteiniereiul)i Die erste Methodc—die in dcr die visuellc 
Aulfaasung mlt elnbegrilfcn war—wurdc von den altcren noimalen Kindcrn 
(nicht von vorgchulpflichtigen Kindern) und von den geistcaschwachen 
Kindcrn in dem selben chronologischcn Alter gebraucht, obwohl die letzteren 
m ihren Reaktionen langsamci waren Man weist dnrnuf bin, dass diese 
Form des Vcrhaltens (behavior), da sic sicli aowohl bci Gcistesscliwnchen 
wie bci Normalen zeigt, wohl ehei cine angcborenc (inherent) wie erne 
erlerntc Fahigkeit daratcllt 


De Sanctis 



THE FACTOR OF GENERAL ORIENTATION IN MAZE 
LEARNING IN THE WHITE RAT* 

Ft^arn ihc /Iinitial Lahoratory of the Defarimeni of Psychoiogyy 
Columbia University 


C. J. Warden and F, R Fox^ 


In much of the early litcratuie on maze learning fn the wliite rat 
It would seem that the majoi emphasis was placed upon the fixation 
of the several elements of the pattern, while the moie general factors 
involved were passed ovei lather lightly. Attention was first directed 
specifically to the factor of general orientation by Peterson (5, 6) in 
connection witli hzs “completeness of response” principle Furtlier 
work bcaung upon the importance of general orientation in maze 
Icaining has been lepoitcd by Hubbeit and Lashley (4), Dashiell 
(2> 3), and Warden (7), In the main, the evidence presented in 
these later studies is drawn from an analysis of error data in which 
it is found that the idative difficulty of vaiious units of the pattern 
IS 1 elated moic or less directly to the appearance of the tendency to 
orient toward the food box, This is tiuc not merely of backward 
errois, but, as each of these studies shows, of ceitain types of forward 
culs-de-sac cnois as well. The present report, covering an investi¬ 
gation conducted m 1927-1928, ofters furthci evidence on this point 
in connection with the several experimental conditions to be des¬ 
cribed. 

Test 1 

The first test deals with the influence of vaiious types of rotation 
aftei the maze habit has been established upon the locus of the cirors 
made during later maze peiformance The apparatus used was a 
5 culs-de-sac pattern, as shown in the diagram of Piguic 1, airanged 
from units of the Warner-Warden maze (8). White lats, approxi¬ 
mately 75 days of age, and weighing 72 grams, on t]ie average, were 
employed. The apparatus was set up in the lOom in which the lat 

deceived in the Editoiial Ofiice, September 30, 1930 

^Tliis experiment was planned and earned out in cooperation, the junior 
authoi secuiing and tabulating the data, and the senior author being re¬ 
sponsible for the lepoit in its present form 
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colony was housed 'I'hc fact that the ca^cs wcic all on one side of 
the maze suggested the possibility that noise fiom the colony might 
serve as a secondary cue 'rhib does not seem likely, howevci, since 
no clistuibancc resulted when the colony cages wcic moved 90“ to 
the light and placed the same distance fioiii the maze. A radiatoi 
stood scvcial feet away on one side of the maze, and a check on 
possible cucvS fiom this source was had by turning the tadi.itoi off 
and placing electric stoves on the opposite side of the apparatus. 
Since this had no appaient influence on the pciformance of the ani¬ 
mals, it IS likelv that the radiator, winch was kept at «i much lowci 
temperature than the stoves, was also ineffective, 

Each animal was given one picliminaiv trial pci day for 10 days, 
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duiing which it was allowed to explore the outside of the maze and, 
aftei locating the food box. to feed foi 10 seconds If the animal 
failed to locate the food box within 2 minutes it was canied there 
by the expei linen ter, Ilus procedure doubtless considerably i educed 
the laiidom cxploiation of the eailv trials, since in no case during 
the icgiilar tiaining series did an animal take longei than 90 seconds 
to reach the food box It piobably had the eftect also of preventing 
backwaid cnois in the latei training. After feeding foi 10 seconds, 
the animal was placed in the feeding cage with access to wliolc-whe.u 
bread soaked m milk for 30 minutes. 

One trial pei clay was given in the training scries proper, tiic 
animal being allowed a nibble of moistened McCollum's diet after 
reaching the food box, and then being transferred to the feeding 
cage as in the preliminaiy trials An eiroi was checked whenever 
the rat extended its nose into a cuWe-sac, only culs-de-sac errors 
being scored Except m the case of Groups C and Dj in which over- 
leaining was specifically intended, the norm of mastery required in 
the initial learning was always 4 successive errorless trials (Norm 
A) In these two groups the norm set was 27 errorless trials out of 
30 (Norm B) In the relearning senes following rotation* Norm 
A was employed throughout, except in the case of Groups E and F 
in wliicli no noim whatevci was used, data being taken only on the 


TABLE 1 

A Summary of Groups and Conditions 


Sue of 
Group Group 

Initial 

Learning 

Conditions 

Relearning Conditions 

A 

9 

Norm A 

Mp 4C rotated 90"* to the right] relearning lo 
norm A, 

B 

4 

Norm A 

Cage and maze rotated 90“ to the nghl 
about common axis, rekarmnR to Norm A 

C 

4 

Norm B 

Same ns in B except ammah caged jn new 
position 48 hours before relearnuiB began 

D 

4 

Norm B 

Maze rotated 90® to right after overlearning, 
relearning to Norm A 

E 

3 

Norm A 

Dizziness induced by 70 revolutions m 20 
sec jn drum, maae not rotated, disturb¬ 
ance on 4 trials noted 

F 

3 

Norm A 

S.U11C na in E, except maze rotated 90" to 
right in addition to dizziness, disturbance 
on 4 trials noted 
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TABLE 2 

Snow [KG Influpnch oi Rotation and Orni'K Factors on Ma/p Per roR mange, 
rKTRODUC^D AUliR Lparning IIas Bpi m CoMi'riiH'n 


Group 

Trials 
Av Mr, 

Time in See 
Av M.y Final 

El iors 
Av, M V 

Percentage eiror 
scores foi riils-dc-snc 

1 2 3 4 5 

A 

\sz 

14 

67 t 

19 6 

32 

10,6 

3,7 

14 

2 3 

1 8 

10 

OS 


is 2 

3 2 

52 0 

20 8 

32 

96 

3 3 

5,2 

1 2 

0,9 

21 

0.6 

B 

fJO 

00 

86 3 

22 0 

to 

8,5 

30 

4 1 

1.9 

20 

20 

00 


i+5 

10 

47 8 

17 6 

3 6 

10 0 

2 5 

53 

14 

1,0 

20 

0,3 

C 

fss 

23 

68 8 

72 

26 

95 

20 

4 9 

1 5 

26 

0,7 

0,3 


13 0 

15 

36 5 

20 5 

3 0 

5 3 

2 8 

5 9 

1,7 

1 6 

05 

03 

D 

[3.5 

0,8 

60,S 

5,9 

27 

85 

0.8 

40 

2.4 

1.6 

12 

08 


is 5 

06 

66,6 

13 6 

28 

10,0 

2,0 

41 

2,5 

2.2 

09 

03 

E 

f9,0 

2,7 

105 1 

26 3 

4,8 

12 2 

2.0 

66 

1 9 

1 1 

0,0 

04 


\4 only 

69 3 

18.2 


6,3 

0,8 

, , 

, 

, 

, 

, 

F 

[4,3 

04 

74,7 

34 2 

4,0 

70 

2,7 

70 

12 

07 

11 

00 


\4 only 

67.4 

16.8 


6,3 

20 







filst 4 trials following iotatlon. Time pei tiial was taken with a 
stop-watch throughout. 

The several conditions investigated aic indicated ui Table 1 The 
initial learning and the relearning after lotation was continuous foi 
each animal^ except that an cxtia day was allowed to intcivcne in 
the case of Group C in oidei to allow a 48dioui peuod of adapta¬ 
tion to the rotated cage and maze hefoic beginning to iclcarn the 
latter in its new position. As will be seen, all of the gioups except 
the first aie relatively small, and this fact must be taken into account 
in diawing conclusions legaiding the influence of the vaiious condi¬ 
tions introduced. 

The results secured in this cxpeiimciit aic picsentcd in Table 2. 
In addition tp the total time score foi each gioup, as sliown in the 
third column, the “final” score covciing the time rccoid of the foui 
perfect runs of the noim of mastciy is given in the fifth column 
The scoies showing the distribution of enojs in the seveial culs-de- 
sac are given in percentages in order to make tliem moie stiictly 
compaiable fiom group to group. The iccord of Gioup A, m which 
the usual method of maze lot.Uion was applied, mav be taken as 
basic to a compausoii of the results obtained when olliei conditions 
wcic intioduced 

It IS interesting to note that the influence of lotation was not 
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significfintly i educed when both cage and maze were lotated togethei 
about their common axis, as m the case of Gioup B In both the 
initial learning and the relearning tests, the animals were carried 
from the cage to the entiance box in a straight line and placed m 
the food box with fouvaid ouentation, The animals had been trans^ 
ferred to the new cage position 24 hours befoie the fiist trial was 
given, 01 immediately after the last trial of the initial tiaining series. 

It was thought that an extia day in the new position might reduce 
any possible emotional disturbance, but this change in pioceduie, in 
the case of Gioup C, did not aftect the rotation scoies maikedly, and 
no conclusion seems to be warranted on account of the small size of 
the gioup, The results foi Groups C and D, m which Norm B was 
used in the initial learning, seem to indicate that rotation effects are 
not influenced to any great extent by the ovcilearnmg represented 
In the case of Group E, dizziness was substituted for rotation 
The dizziness was induced by rotating the animals singly in a xevolv- 
ing-dium activity cage turned on the side so that the axis was vextical. 
Appioximately 70 revolutions of the wheel in 20 seconds was suffi¬ 
cient to make the animals so dizzy that, when placed in the entrance 
box, they became rigid with limbs outstretched. After a time they 
would suddenly jump up with a fiog-like jeifc and approach the door 
of tile maze, often moving in a small ciiclc. Tlie direction of ievolv¬ 
ing tlie wheel was detei mined by chance. The amount of disturb¬ 
ance on lunning the maze undci these conditions appears to be about 
the same as that which occuned in gcncial from rotation effects, 
insofar as can be judged from the recoid of the fiist four trials. 
When both dizziness and maze rotation was introduced, as was true 
m the case of Group F, the resulting disturbance did not seem to be 
gieatei than when the animals weie made dizzy and the maze not 
rotated, as with Group E 

The findings enumciated above aie in general agreement with the 
results obtained by others in lotation work on the white rat. Our 
primary interest, howcvei, was not so much in the effect of rotation 
Itself as in the possible tiansfer of tendencies established during the 
initial tiaining to the rotation situation It seems highly probable 
that a gcneuil ouentation tendency set up during the initial training 
would Itself become a disturbing factoi aftei rotation, since the abso¬ 
lute direction of the food box would be changed The lesults seem 
to support this presumption. In Group A, for example, the percent- 
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age of errors in the several cuK-dc-sac shows a fiiiily icgulai dccieaso 
fiQin the fust one to the fifth, in the learning senes. In the lelcarn- 
ing seiics, howevci, the oitlei is j, 4, 2, 5, which means that culs- 

dc-sAC 2 and ^ weie entered less often and culs-ile-sac I and 4 sig¬ 
nificantly moic often than duiiiig the initial learning The moht 
nauvial explanation would scciu to he that the lattei two culs-de-sac, 
lying on the same side of the pathway, aic located after rotation in 
the gcncial dueetrou of approach to tire old v^osvtion of the food box. 
This shift 111 the locus of ciiois is in agreement with expectation on 
tile supposition that the gcncr.d oneniation tendency of the initial 
learning is caiiicd ovcr> in some nic.isuic, to the new situation I'he 
shift IS less clearly indicated in the iexults of Gioups H, C, and D, 
winch wcic smaller in size. That the tciidcMicy appears to be 
piesent to some extent tliroughout, even though other conditions 
were being varied from gioup to gioup, suggests that it may be ii 
factoi of con&idciablc significance in noimal Icaining situations as 
well. 

Thsr 2 

In this test, two patternb of a modified Y'-maze, the turns in the 
one pattern being the icveisc of those in the othci, wcic employed 
These were arranged from units of the Wainci-Waidcn maze (8), 
the ground plan of both patterns being shown in Figure 2 A total 
of 16 male white rats, weighing appioximatcly 110 grams, were 
tested. They were placed singly in the entiancc box foi 30 seconds, 
then transfeiiecl to the food box and allowed to feed for 10 seconds 
on each of three days before beginning the training. One trial a 
day was given during the tiaining proper until the norm of three 
successive pci feet trials was reached. On the day following, they 
were given one trial only in the maze with turns revciscd. The 
scores covering the learning period were as follows, average trials, 
3.1±0 9; average total time, 10.3zL4.7; aveiage time of last trial, 
3 0±0 42. 

Exactly 50% of the animals entered the cul-de-sac on the fiist 
trial of the initial learning scries, In the one trial given on the 
reversed pattern, only two animals cntcicd tlic ciil-dc-sac, which 
shows that the gcneial orienting tendency did not cany ovci under 
the present condition in any effective mannci. It should he noted, 
however, that the time score showed a marked incicasc under the 
new condition, the average time being 4.7 seconds as against 3 0 
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FIGURE 2 
Modified Y-Maze , 

The original pnttern is shown on the (eft nnd the leversed pattern on the 

right, 

seconds on the l^ist tu^il of the tidining series The time was very 
mueJj longei in rhe case of the two rats ivJiich entered tJic cni-dc-sac 
tlian for the othet 14 animals, tJie score being 7 4 seconds for one 
and 12 0 seconds for the other, while the average score for tlie 14 
successive animals was only 4,0 seconds, 

Test 3 

The aim of tins test was to deteimine whetlicr or not the white 
rat can learn, under carefully controlled conditions, to turn consist¬ 
ently to the noitb in rcacliing the food box The apparatus employed 
was a csimple T-maze, with wooden sides 5,5 inches high and a mesh 
top, the pathway being 5 inches wide The pathway leading to the 
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arms, and the aims themselves* were IS inches long. At a point 11 
inches inward from the end of each arm a partition, 2.5 inches high, 
was placed, which kept the food o\it of sight of the animal until this 
partition had been crawled over. Food was jjlaccd at the end of 
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made through a small peep hole, 0.75 inches in diameter The north 
and sDUtli position of the food box was varied irregularly in accord¬ 
ance -vvitli the plan in(lic.itcd in the first column of Table 3 The 
icsults covciing the fust 20 tiials, and two later trials in winch the 
maze was lotatcJ 90° arc also given in Table 3. The animals foimed 
marked position ii.ibits as migiit iiavc been piedicted. It appeared 
altogethei unlikely tliat these would be broken up without resorting 
to piinisluncnt. Since the application of punishment did not seem 
feasablc at the time, tlie problem was discontinued. 
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LF FACTEUR D’ORIENTATION GllNl^RALE DANS L*APPRENTIS- 
SAGE DU LABYRINTHE PAR LE RAT BLANC 
(ResumO 

Dans la premiere experience on a etudi6 ^influence de la rotation et 
d'antiGs fneteurs, introdiiits apres I’apprentissage, siir le rendement dans 
Ic labyrinthe On a troiiv6 qiie la rotation dii labyrmthe seul, ou celle 
dir lilbyiinthc et cle la cage siir leiir axe commiJJie out change le licii des 
criciirs ilnna Ic rendement sulvant dc sorte de sugg^rcr que lorientn ion 
gdn^rale pi^ccdente a 6t6 ti ansfer^e a in situation noiivellc On n a tan 
nxiciinc nnniyse iclntive h la nature dc la tendance h I orientation La 
lime experience n 6tiuli6 I’lnfluence du renversement d im type spdeia de 
Iflbynnthe Y sur Je lien des erreurs, Dans cette siWotion ® ^ 

premier Inbyiintl.c n'a pfls M transfirl cl’ime maniire difine »u tleuxiime 
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La troisliine experience n compiis iin essni pichininairc d'eiitralncr le rni 
blanc J toiimer constainmeiit au iioul mais il a falhi abnnddiincr uci i 
cause (le la lixiie dcs liabitiidcs de posuiQii 

Ward! n et Foic 


])ER FAICTOR DER Ar.LCiEMLINliN ORIEN'IIERUNC. IN DER BE- 

IIERRSCIIUNG VON LABYRINTIIEN DURCII WElvSbli RATON 

(Rcfcral) 

Im Ilaiiplvcrsiieh wurde der Einlluss dci Rolalmn und niulcicr, nnch 
(Icin Lcineii cingefiihrtcr Faktoren aiif das Dcnchmcn im Labyrinth iiiuei- 
audit Es wuide fcslgcslelll, dass Rotation dcs Labyunilics allein, odcr des 
Labyiintlics und des Knfigs urn ilire geincinc Achsc, den gcometrisclicn Fiad 
(‘locus') der spatcren Fehlcr aiif cme Weisc vcrsciiob, welchc andcutete, 
dass die fruhere allgcmeinc Oricntierung aiif die neuc Lage ubertrngen 
svtiidc Eine Analyse bci'iiglicli der Natur der oricutercndcn Tcndcn/, ivurdc 
niclit gcmaclit Der /sveitc Versiich befasstc sicli mil deiu auf den geome- 
irisdicii Ffnd dqi Fclilcr aiisgeubicn Einduss, svenn cine bcsnndcre Sorlc von 
Y'Labyrintli iinigckehil wiirdc In dicser cinfaclicn Situation svurdc der 
Elfect ails dem eisten Labyilnlh luclit auf selii bestimmtc Wcisc in das 
vwcitc ubeitragen, Dei dnttc Vcrsuch uinfasstc cinen vorbereiteriden Ver- 
Michj sveisse Ratten so /ii drcssicrcn, dass sie sicli licst.indig dem Norden 
zinvcndeten Dieser Vcrsiicli miissic aber wegen dci Fcsiigkeit von Stellimgs- 
gcwolinhciten ('position habits') aulgegebcn wciden, 


Wardin und Fox 



CAN CONDITIONED RESPONSES BE ESTABLISHED IN 
THE NEWBORN INFANTP^^ 

the Psytholo/jiutl Uhoi/iloirs of the Ohio State University 
Dorquiy Postlc Marquis 
Thk Problem 

The present pioblcin was undcitaken to investigate the conten¬ 
tion made by the Pavlovmn school of Russian psychologists and physi¬ 
ologists that the formation of conditioned responses in newborn infants 
IS impossible because the ceicbial cortex of the human infant func¬ 
tions onlv veiy incompletely tlic first few months after biith. 

Most neuiologists agree that the cerebral cortex of the newborn in¬ 
fant functions very impcifcctly, if at all Various investigators (Pav¬ 
lov, ICiasnogoisb, Ecchteieiv, and Lang and Olmsted) have failed 
to establish conditioned iespouses in infants under five months of age 
and in decorcbi.ite animals, niid have attributed their failure to tlic 
incomplete functioning of the cortex of their subjects Pavlov (8) 
asserts that no new nervous connections can be foimed except in the 
cerebial hernispheics 

One vciy impoitant issue, howcvei, seems to have been overlooked 
by these investigators, It is evident that when the cerebral cortex 
has reached functional maturity, it is the ^Mominant part’’ or the 
“pace scttei” of the central nervous sj^stem (Child, 3) On the 
othei hand, is it not logical to assume tliat before the cortex lias 
reacliccl its full development, the lowei centers (thaUmus, mld-brain, 
medulla, etc.) serve even more important functions than they do at a 
later time when the inhibitory action of the cortex dominates them? 
It IS a well-established ncuiological fact that in the human infant 
at birth, the niidbiain, which in the adult is a highly important corre¬ 
lation center foi the icflexcs of sight, hearing, and touch, is com¬ 
pletely myelinated and appaientlv fully functional Tracts to and 

♦Recommended by Albert P Weiss and leceivcd for publication by Carl 
Murebison of the liditoiial Board, August 25, 1930 u j , r 

The picsent napei is n biief suinmnry ot a disaertanan ^ j doctois 
degree, "Ilnliit ForiiiaUon in tlic Newborn Infant,” a detailed uccount of 
which 11 available at tlic Graduate School of Ohio State Uweraity. e 
cxperiincnt waa perfoimcd under the direction of Dr A 1. Weiss 
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fiom the red nucleus of the inidhi.un aic also coinplctclv developed 
Rt hiitU. In the medulla ohloiip;atR thcic aic picscjU iit biith im¬ 
portant relay centers which rcf^ulatc suckiiij^, icspiiation, digestion, 
and secretion, S'loicovci, the tlialamiis, which iii adults nets as a 
relatively complex coiielation ccntci for all impulses coming into 
the coitcx> has at the lime of birth icachcd n faiily high degicc of 
fTmctional matin ity. Can we assume tluu. ihc co\te\ possesses some 
mysterious function or powei qualitatively difleicnt from any other 
part of tile neivous system, so that it is only by means of its function 
that «a lesponse to one stimulus is icplaccd by a suiiogate lesponsc? 
This seems impiobablc, since it is hugely in the amount of its cor- 
iclatiiig tissue that the coitex diffcis fium the other parts of the ner¬ 
vous system 

If the last conclusion is sound, then it should be possible to set up 
conditioned icsponscs in the newborn human infant by means of the 
subcoitical coi relation centers, whose functions arc the moic complete 
before the inhibitory influence of the coitcx has developed, ptovided 
we select reactions which aic iclativcly well intcguitcd at this stage 
of biological dcvelopTuent, Foi om experimental woik, m accoid- 
ance with the punciples above, as the uncoruhtioned iciponse the feed¬ 
ing reactions of the infant (sucking, mouth-opening, and quieting, 
etc.) to n food stimulus (milk from the musing bottle) were chosen. 
The conditioned stimulus was the sound of a buzzci. In these stim¬ 
uli there are leprcsentcd an auditory and a tactiial-anchgustatoiy stim¬ 
ulus, and probably secretory and kinacsLlictic stimuli, all of whose 
impulses possess subcortical correlation ccntcib The specific expen- 
mental problem was to asceitain whether, aftci a sufficient number 
of pairings of buzzer and bottle, the buzzci alone would lead to 
feeding reactions. 

Mhtiiod 

Ten subjects wcie used m this experiment, all newboin children 
of clinical mateinity patients at the Ohio State University Hospital. 
Three Negro infants weic used, two giils and one boy, and seven 
white infants, four girls^and three boys. The plan of the cxpcii- 
ment was never to pcimit the infants, fiom the first time they wcie 
fed, to feed without the bottle being immediately preceded oi accom¬ 
panied by the sound of the buzzetv The infants aic fed six times 
each day Instead of being taken to tlic mothers foi nuising, the 
subjects of this experiment were bi ought one at a time into tlie ex- 
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peiimciUal joom and were fed fiom the bottle, milk which had been 
pumped fiom tlicii own mothers’ hi easts The period of experimen¬ 
tation c'ctciidcd funn t?ic first time the infants were fed (24 hours 
aftci biith) to the tcnili day of life. 

The specific expciimcntal pioccduic after the infants were brought 
into the expciiincntal loom was as follows, 

1 Tlic infant evas placed on a stabilimeter® in a small compart¬ 
ment, the tempeiauiic and lightinR of winch were kept fairly con¬ 
stant, and lemained llicie with no expenmcntal stimulation for a 
period vaivinj? fiom one to five minutes (control period). 

2, At tlic end of this time tJie experimenter stepped inside the cur¬ 
tain of the compaitment, caiefully noted and recorded the infant’s 
icactions foi a few seconds, then lang the buzzer for five seconds. 

3 As soon as possible aftei the end of the buzzer, the bottle was 
inscitcd Ml the infant’s mouth and the buzzer rung for five seconds 
moic aflci the infant stalled sucking 

4 At Vtiiious times while the Infant was sucking, the buzzer was 
sounded foi priiods of five seconds 

5 Duiing each cvpcilmciital period tlic bottle was removed from 
the infants mouth fiom two to five times, to prevent too quick con¬ 
sumption of milk Each time the bottle was replaced in the infantas 
mouth, it was picccdcd by the Inizzci in the manner dcsciibed above 

Rccoul of the infant’s leactions (luring the experiment was kept in 
two iraj's—t/nrx/gh the e\{yciimentci's recorded ohscrvations^ nnd 
thioiigh the polygiapli iccoul. The polygraph record furnished («) 
a continuous iccoul of the infant’s movements by means of registra¬ 
tion of the staliiliinetci movements; (A) a record of sucking move¬ 
ments hv means of pneumatic iccoullng tliiough a balloon-type cap¬ 
sule fastened undci the infant’s cliiii and a Marey tambour; (c) a 
time lecord incUiding time of stimulation and other events during the 
experiment, and (^/) the protocols of the infant’s reactions duiing the 
control pciiod. The expciniicntci’s protocols included a detailed 
record of the specific icactions made by the infant for a few seconds 
before each hu/vei, and the leactions after the buzzer began to sound, 
as well as the icactiniis at olhci tunes dining the experimental period 

Two exp(‘iiincnls scivcd as contio! for the Jesuits The first was 
a test 111 the contidi pcimds of the last day oi last two daj's of eacli 
infant’s c\pciiin(‘nl to see whcthci othci stimuli would elicit le- 


®Foi details of llie c^pci 11116:111 d cabinet refer to (10) 
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actions similai to those uftci the lmA/,cK As a visual stnuulus, a 
flashliglit was piojcctcd into the infant b eyes As an auditory stimu¬ 
lus, a fall hammei stiilvinp; the end of a tin can was used As a 
second contiol cxpcnnicnt, foui subjects of the same a^c ns the ex¬ 
pel imcntal gioup wcie stimulated hy the bu/zer at feedinp; times 
without hemp: pcTmittcd lo feed unincdiatcly afteiwaulb "I'hc latter 
cxpciimcnt was earned out throiii:rhout a nine-day peiiocl foi each 
mfaut. 

RlSULlS 

General The following aie the results of this cxpciimcnt for 
eight infants. The results of the first two subjects of the experi¬ 
ment aic omitted since the method of rccoiding was not uniform 
with that of the otlicis Their icactions, in gcnciah however, arc 
not essentially ihffeicnt fiom those of othci infants. 

1 Seven of the eight infants, aftci a pciiod of three to six days, 
began to sliow significant changes of reaction following the Inizzei. 
Certain reactions began to incicnsc, olhcis lo clccieasc 

2 The reactions following the Inizzci on the fiist few davs with 
all infants wcic predommandy an uiciciisc in gcncial activitv or ciy- 
ing, no change in gcncia! activity or ciying, oi an occasional decrease 
of general activity 

3. The reactions following the buzzci wdiich incieased weie 
sucking, mouth-opening, and cessation of gcncial activity and ciying. 
All of these reactions arc diicctly lelated to foodtaktng. 

4. The reactions following the buzzci which decieased wcie 
general activity and ciying—reactions which me not usually con¬ 
comitants of the foodtalcing response. 

5. Reactions preceding the biiz/xr showed few significant clumges 
throughout the experiment, In four instances mouth-opening pic- 
ceding the buzzer incieased on the seventh and eighth days of the ex¬ 
periments. This was inteiprcted as a possible indication that the 
whole experimental situation might be taking on the piopcities of 
conditioned stimulL 

6. Sucking without an object in the mouth vciv laicly occuned 
befoic the buzzer sounded* 

7. The infants showed great individual differences in the onset 
of the change of icaction aftei the biizzci, in the dcgice of the change, 
and in the suddenness with which the change occiiiicd. 

8 Increase in mouth-opening and decrease in ciying after the 
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buzzer, in most inf.uus, started on the fouith day, while increase 
ill sucking and general activity began, in most instances, on the iifth 
dav 

9 With one exception, the seven infants who showed an in- 
cieased numhei of foodtaking reactions after the buzzer, showed least 
increase when they wcie nmet and asleep hefo)e the buzzer sounded. 

10. One infant failed to show increase in foodtahng reactions 
following the bu/zcK Tills infant's pJjysiological condition was 
pool, lie nevci seemed liungiy, and was not as responsive generally 
to stimuli as tlie otlici infants. This infant, all thiough the experi¬ 
ment, showed cithei no significant change of activity when the buzzer 
sounded, oi incicase in general activity and cr 5 ^ing. 

11. In the first control experiment where the infants were sttmu- 
lated dining tlie contiol periods on the last or the last two days* of 
the cxpciiinent by tlie flashlight and by the hammer striking the can, 
they never responded by any food taking reactions. Usuallv there 
was no change ui general activity and ciying or thcie was increased 
general activity and ciying. 

12. In tile second control cxpciimciit, in which four additional 
infants were stimulated by tlie buzzer at feeding times without ever 
feeding immediately aftciwaid, the infants in the majority of cases 
showed incieasc m gcneial activity and crying after the buzzer 
througliout the nnic-day period. 

Results of Individual Infants 

1 Infant Rn {whiiej female) Infant Rn was the ^^bnghtesfc^^ 
of all the subjects She was unusually alert to all stimuli and 
reached the highest percentage m number of feeding reactions after 
the buzzci The changes m her leactions after the buzzer were as 
follows* Snekniff leactions increased from zero on the first two days 
to an avciagc of 74-% fieqiicncy^ on the seventh, eighth, and ninth 
days ]\4oulh'Openinff increased from zero on the first daV to 75% 
on the last day. Cessation of a^ing increased from zero on the 
first two days to 100% on the sixth, seventh, eighth, and ninth days; 
and cessation of ffenetal bodily activity from zero on the first four 
days to 100% on the scventli and eighth days General activity after , 
tlic buzzei decreasofl fiom 92% on the first day tn zcio on the last 
iliy, ami ayln^/ hom 46% on tlie first day to zero on the last four 
days Instances when Rn icmained guiei and awake after the buzzer 

^As comp.n ed with ficqiiency of the buzzer stimulationg. 
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decieasecl fioin an aveiajTC of 26% on the first two days to zero on 
the hst two days, There wc\c m si^!;nific,vut dificicnccs in the num- 
bei of conditiojicd icsponses, whether tlie infant was ()ujct and awake, 
quiet anti ablcep, or active and awake bcfoic tile Ini/zci sounded- 
In the contiol cxpciimcnt slic ncvei icsponded to the lii^ht oi sound 
bv any feeding icaciion 

2. bifant Gb (tohiie, female) 'Die cluingc in the Cb infants 

reactions to the buz/.ei piocccdcd in the following inaiinei Suckni^ 
!ncieased frora veto on the fiist fo\n dayb to an aveiage of 42% on 
the last two da 3 's Moitlli-opcjnn// after the bwAxci showed a sig¬ 
nificant picdomintincc ovci inouth-opeiung bcfoie the biiz/cr fiom 
the second Jay, and a picdommancc oven mouth-closing aftei the 
buzzer fiom the fourth day on. Cessation of ctytng incieascd fiom 
zero on the first three days to 100% on the sixth, seventh, and eighth 
days, Cessation or signljicant decrease of general activity showed an 
incicasc horn zeio on the fust thicc days to 100% on the last two 
days General activity after the biizzei decuMsed from 62% on the 
first day to zeio on the last two days, and civing fiom an average 
of 17% on the fiist thicc days to zero on the last thicc days General 
activity and crying bcfoie the buzzer icinauicd about the same 

thioughout the expeument. When ihc infant was quiet and asleep 

before the buzzer, she seldom made "feeding iespouses" to the buzzei. 

3, Infant Gla {white, female). Food taking responses at the 

sound of the buzzei began in the Cla infant on t!\c fouith day, aflci 
appiQxlmately 140 to 150 paiiings of bw/zer and bottle. Sacking 

after the buzzer incieased fiom zero on the fiist four days to an 

avciage of 30% on the last tlitee days. Mouth-opening incieased 

i from zero on the fiist day to 62% on the Inst day. Cessation of gen- 
eial bodily activity mcicased fiom zeio on the fiist day to 100% 
on the last day; and crying, fiom zero on the first clay to 100% from 
the fourth day on. General bodily activity decieased fiom 67% on 
the fust day to zeio on the last dav, and oymg fiom 17% on the 
first day to zeio on the last five days. Gcncial activity befoie the 
buzzer showed no significant change thioughout the expeiimcnt. Cry¬ 
ing before the buzzci vaiicd, but showed no consistent tendency to 
irtciease Or decrease in the course of the cxpciimcnt. Fewci "feeding 
reactions" aftci the buzzer occuned when the infant was quiet and 
asleep befoie the buzzer sounded. No feeding icactlons occuned to 
the stimuli in the control cxpciimcnt 

4. hifant Gar {Negro, female). Change of leactioii following 



CONVmONED RESPONSES IN NEWBORN INFANTS 485 

the buzzer beRan with the Cai infant on the fourth day of the ex¬ 
periment aftei 125 to 130 panmgs of buzzer and bottle. Suckhig 
increased fiom zeio on /iist chy to 53% on the last da 5 ^ Month- 
opemuq incicased from 20% on the first day to 35% on the sixtli 
day, then decreased as sucking increased. Gmation of crying in¬ 
creased fiom an average of 17% on the second and third days to an 
average of 95% on the last two days, cessation of general actmiy 
from zcio on the fust four days to 100% on the last two days. Cry¬ 
ing befoie the buzzci mcicased fiom zero on the first day to 53% 
on the last day, while gencial bodily activity before the buzzer in¬ 
creased from zcio on the fiist day to 47% on the last day The in¬ 
fant showed more feeding reactions after the buzzer when she was 
active and awake tlian when she was quiet and awake or quiet and 
asleep. No feeding reactions occiiried to the control stimuli on the 
last two days of the expeument 

5 Infant Mar {Negio, female)* The change In the reactions 
to the buzzer was less pronounced in the Mar infant than in most 
othcis. The inciensc in reactions after the buzzer was as follo^vs: 
Sjitki?ig incicascd fiom zero on the fiist four davs to 41%, 24%j 
and 23%, respectively, on the seventh, eighth, and ninth davs; cessa¬ 
tion of genet al activity fiom zeio on the first two days to an average 
of 56% on the last two days. Month-opening after the buzzer 
si)owed an increase ovei mouth-opening before the buzzer from the 
fifth day, with one exception on the seventh day. General activity 
aftei the buzzei showed a slight decrease from an average of 26% on 
the fiist thicc clays to 19% for the last thiee da^'S, while general ac¬ 
tivity bcfoic the buzzer increased on the last three days Crying after 
the buzzer dccieased from 17% on the fiist day to zero on the last 
three days The instances when the infant remained quiet and awake 
after the buzzci decreased significantlv fiom the fifth day, Highest 
frequency of feeding reactions after the buzzer occurred when the in¬ 
fant was active and awake before the buzzer. No feeding reactions 
occurled to the contiol stimuli on the last day of the experiment. 

6, Infant Lid {Negro, male) With the Lid infant the change 
of icactioiis following the buzzer occuried in the following fashion. 
Sacking mcicased iiicgularly from zeio on the first three days to 
32% on the fouilli clay, 73% on the sixth day, and an average of 
40% on the last thiec days Month-opening increased iiregularly 
from 11% on the fiist dav to 46% on the last day. 
genet al activity increased fiom zeio on the first two days to % on 
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the third and fourth days and 100% on the next tliice davs. On the 
last two days it deceased to an average of 76%, General activity 
before the huzzat incicabcd fiom an averaj^e of 35% on the fust 
thice days to 63% on the last three days, while activity aftci 

the buzzci showed a coiicsponilinK decrease fjoiii 34% to 14%. 
Cryniff bcfoic the bu/,/.ci reraavncil about the same thu\up;hout the 
expelunent, ciymg after the bu///ici dcci eased from 22% on the 
hist day to zero on the second dav, ncvci increasing to nioic than 
6% on any day thercaftci. The pcrtciUagc of feeding icactions 
after the buzzer was highest when the infant was active ami awake 
before the buzzer In the control expeiiment the Lid infant ic- 
sponded three times (once to the light and once to the soumi) in 24 
stimulations^ by slight quieting of gciicial activity and civing. 

7. Infant Mont {wIwUj mah). The changes n\ the Mont 
infant's responses to the buzzer occuned in llic following manner 
Sucking never attained a vciy high pcicentage of frequenev How¬ 
ever, It increased from zcio on the first two days to 6% on the thiid 
day, and 33% on the seventh and ninth davii AJouth’Oprmtiff aftei 
the buzzei was less than mouth-opcmiig before the buzzei on the 
first day, equal to it on the second day, and exceeded it from the third 
day on, A vciy great mcicase in mouth-openiiig aftci the buzzci 
occurred on the fcmith dav when the pcicciuagc losc fiom 6% on 
the third day to 65% on the fourth, 6^yrw^ aftci the buzzci ex¬ 
ceeded ciying bcfoic the buzzer on the second day On the tliiul 
day cessation of ciymg leached 100%, and in almost eveiv case 
after this ciying stopped as soon as the buzzei sounded. Cessation 
of genetal activity aftci the buzzer showed a steady increase from 
12% on the fiist day to 100% on the sixth day and 89%, 90%, and 
82%, respectively, on the last thiec days, Although gcneial activity 
before the buzzer showed no significant change tliioughout the ex¬ 
periment, general activity aftei the biizzei decreased fiom an average 
of 67% on the first two davs to an avciagc of 14% on the last two 
days, There was little difference in the percentage of feeding reac¬ 
tions after the buzzer whether the infant befoie the biizzei was quiet, 
active, or asleep In the contiol experiment, the infant leaded to 
the sound twice out of 24 stimulations by cessation of crying. 

8. Infant Ziin {white, tmile). The Zim infant an infant 
whose physiological condition was vciy pooi. He sliowcd no con¬ 
ditioned reactions to the buzzer. Genet al activity and ctying aftei 
the buzzer exceeded general activity and crying befoie the buzzer 
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throughout the experiment. In only one instance did suckhi/; ever 
occur after the buzzer. A'lvuilt-opeiinij aflci the biiz/ci slightly 
exceeded mouth-openhig befoie the buzzci aftci the thiid dav, but 
its highest fieqiiency was only 20%, cm the seventh day. 

The curves of Figuie I picsent giaphic»illy the composite results 
of the seven infants who shoA\cd conditioned foodtaking iespouse to 
the buzzei. 

Since the combined averages of all infants, such as those shown in 
Figure 1, obscure individual differences, the following graphs of the 
results of Infants Rn and Mai ate picscined to show an instance of 
a high peiceiitage of conditioning and an instance of a mucli lower 
peiccntagc of conditioning. 

Results of Sfcond Control Expliument 

In the second control experiment, in whicli four infants were 
stimulated by the buzzci at feeding times without cvci being pei- 
mitted to feed immediately aftciwaul, piactically no “feeding reac- 
tions^’ ever occurred after the buzzer. Their occuricnce after the 
buzzer was not more frequent than then occuricnce be foie the 
buzzer. Foi every infant the most frequent rc.ictions to the buzzei 
were increased general activitv and increased head ■‘movement. No 
significant change in the infants’ icactions aftci tlic buzzei was 
evident on any day of the experiment. The results of this check 
experiment were therefore negative 

Conclusions 

1. A conditioned rc$ponsc of foodtaking reactions to the sound 
of a buzzer was established in seven out of eight newborn infants 
dining the fiist ten days of life. 

2, Since present neurological evidence indicates that the cere¬ 
bral cortex of the newborn infant functions only veiy incompletely 
the fiist few months after birth, we may infei that conditioned ie- 
sponses can be formed in licivborn infaiitSj at leash by subcortical 
con elation The type of responses included in the conditioned food- 
taking reactions to the buzzci indicates that the mid brain and especi¬ 
ally the red nucleus was impoitant as a controlling mechanism 

3. The foodtaking lesponsc in the newborn infant includes a 
wide vaifcty of leactions. 

4, The results of this experiment beai out, in general, Pavlov’s 
contention that an alert state of the subject is favorable to the foima- 
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tion of conditioned responses, since in most eases a luf^licr frccpiciicy 
of feeding reactions aftci the hu///ci OLcinred when the infants wcie 
active and awake 

5 Tlic contention that a good phvshdogKal condition of tlie sub¬ 
ject IS ncccssaiy to the clcvclopmeiU (jf conditioned icsponsrs finds 
support in the ease of the Zut\ infant, wlio sho\\c<l no conditioning to 
the buzzer 

6. Individual diffcicnccs in learning jbditv arc picsent even at 
this caily age. 

7. Systematic tiaining of human infants along social and hygienic 
lines can be started at birth. 

8. Since habit foimation may begin so eaily, the sliaip lines 
diawn by some \viiters in then classifications of some acts as in¬ 
stinctive and some acts ns learned must be viewed u'ith some licsi- 
t a tion 
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PEUT-ON il'AHLIR DES RfiPONSES CONDITIONNELLES CHEZ LES 
NOUVEA UX-NCS? 

Cct nrticlc a 6(6 cent dans le but tie rifnter I’assertion de I’ficolc Pavlov 
do paycbolopics el dc physiologists ruasca que la formation dea reponses 
conditioniicllcs die/ les noiiveavix-n6s luimains est impossible, parcc que 
] 6coj ce c6ri^briilc Ac I’enfant noHveaii-n6 nc fonctionne que d^une mtimere 
irfis incomplete pendant lea picmicia mois apres la naiasancc 
Les sujeta dc rexp6rience ont dix nouveaux-nea k I’HopUal de I’Uni- 
vcj sue dc J’Etat d’Oliio Depuk le deuvi^me jour jusqu^au djxidme jour 
dc la VIC, on ne leur a jamais permis la bouteille aans qu’ellc ne solt im- 
mddiatemcnt prdcddde ou accompagnee du son d'une sonnette dlectrique 
En commcfigaiu Ic troisidme jour, Je quatrieme ou le cfnquieme, ncuf des 
svijets ont commence rdpondre h la sonnette avec des “reactions de manger*’ 
avant que la boiucillc ait ^te mise ^ la bouclie Lea “reactions de manger*’ 
ont corni>m Vnetjou Ac sneerj de gaider la bouche ouverte, et la. cessation 
soiidaine de I’activit^ g^ndrale du corpa ct des larmca Un sujet seulcmcnt a 
manqvie de montrer dca reactions de mnngCr h la sonnette au Coura de I'ex- 
p^ricfice, et cehu-ci a €t6 im enfant dont In condition physrologique a ^td 
on ne pent plus faibics 

Les reactions conditionncllea de prendre de la nourriture ont dte relative- 
ment spccifiqiies an son dc In sonnette, piiisqn'on n’a pu les causer par des 
stimuli visuels ou par d*autres stimuli auditifs administres ie neuviemc 
join oil Ic dixi6me jour de l*exp6rience 

Comme experience dc controle, quatre sujets du inline kge que le groiipe 
experimental ont cU stimulus par la sonnette i I'heure de manger sans ctre 
pcrima de mnngci imm^diatemcnt apr^s Chez ces aujeta les “iUnctions de 
msinger” ne sont jamnis montrecs comme reponses h la sonnette pendant 
rcxpcriiuentation dc neuf jours 

Ces i^sultnts indiqiient qu’on pent etnblir des reponses conditionnelles 
chez les nouveaux'H^s, et que Je m^canis/ne probable de leur formation se 
trouve dans la coiielation sous-cortlcale* 

Oiitic lc8 donnecs trouv^es experimentaleinent, Farticfe resume bn^ve- 
ment la slgni/icance psychologique de la formation de bonne hciire des 
liabitiulcs chez les enfanta humama, 

Marquis 


KONNEN BEI NEC7GEBORENEN KINDEEN BEDINGTE ERWIDER- 
UNGEN GEGRt)NDET WERDEN? 

(Referat) 

Man imternirorat hicr die Wulerlegong der Behauptung dor Pavlovsclven 
Scliule der Russischen Psychologic, die Grundung bcdingler Erwid^iingcn 
bci ncugcboiencn Menschenkinder sei deshalb immoglich, wei le ^ JJ" 
limlc des Klemkmdes wahrend der ersten Pnar Monnte nach der Geburt 

niir schr unvollstandig tatig scl Trin,i«r PAnt^nunnen 

Al^ Versuchspersonen dienten zehn neugeborene Kinder von 
im Krankenhause der Staatsunivcraitat von Ohio, Von zwciten zum 
/elmten Lebenstage ^urdc es den Kindern ^ * I 

cin/unehmen» wenn die Plasche von Aem SchaiJ emer Brohnklingel { buzz 
cr”) iinmJttclbai nngekundct wurde oder mit ihm einherging, 
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Am drittenj vierten, odcr fiinftcn Tagc fingcn ncnn dcr Versucliapcisonen 
an^ auf die Khngel mit Essbewegungcn 7ii crwidcrn, chc ihncn die Flnsche 
in den Mund gesteckl wnrdc Die “Esabewegungen” uinfasatcn daa Saugen, 
daa Aufhalten des Mundes, und daa plotJiche Aiifhorcn dci allgemtincn 
korpei lichen Bewegungen iind des Weinens Nur cine einzige Versucliapcr- 
son 7cigte im Laide des Versuches Uine Esabewcgnngcn als Erwidcrung niif 
die Khngel, und jene war^ cm Kind dessen korpcrlicher Ziii,tand diisscrst 
kummfirlich war. Die bedingten Esserwideningen waren rclativ spczifisch 
aiaf clcn Schall der Klingcl gcnclitcL da es nicht mdglich war, sic tluich 
visuelie Oder andere auditive Reize hervorzuitife, VfcXchc am ncuntcii odei 
am zehnten Tage des Versuches dargeboten warden 

In einem KoiUrollversiicli warden vier Vcrsiiclispcrsonen im sciben Alter 
wie die erste Versiichsgruppe mit der Klingel in der Essstiindc gcicizt, indem 
man sie me gleicli nachher essen hess, Bei dieseii Versuciispersoiicn zeigte 
9ich im Laufe der neun Tage des Versuches nie Essrcaktionen als Erwider- 
ungen aiif die Klingel. 

Di-esc Ergebnisse deuten an, dnss bedingtc Erwiderungen bei neugeborenen 
Kindern gegrundet werden koniien, und dass der Mccliamsmus der Bildung 
difiser Erwiderungen wahrschclnbch in subkoitikalcn Verhaltniascn licgt. 

pie Abhandinng bictct nicht nur die Vcrsuchscrgcbnisse dar, sondern 
skizz-iert auch kiirz die psychologische Bcdciitung der sehr fidhcn Gewohn-- 
Keitsbildiing bei Menschenkindern 

Marquis 
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STUDIES ON CUTANEOUS LOCALIZATION HI THE AGE OF 
ONSET OF OCULAR DOMINANCE 
Samuel Renshaw and Rodert J Wherry 

The Problem 

In t^vo previous papers (5, 6) the problem of differences between children 
and adults in the accuracy of locating punctiform stinuilations upon the skin 
was raised Seeing children showed errors of distinctive less magnitudes 
tlian ndnlts, The differences in the relative sizes of the errors could not 
be attributed to boundary conditions, that is, if the errors were scaled pro- 
portion/iteiy to the re}ative she of the hands (the dieta}~proxtma) and radial^ 
ulnar meridians), the same proportional superiority for the children over 
the adults remained. Since theoretical significance hag been attached to 
such differences, U was decided to explore more caiefully the conditions 
undci wliich such differences occur In the differentiating experiments, chil¬ 
dren were then compared with adults, using both a Cactual-kinacsthetic 
method and a visual method in which the localizing movement was reduced 
to a minimum and the localizations weie made upon a printed m.ap of the 
stimulated area Next, a group of congenitally blind children and adults 
were compared, using the tactual-kinjesthetic method, A comparison of 
results of these experiments enabled us to deiive the principle that the al¬ 
leged superiority of children over adults was due to a shift In the domi¬ 
nance of one leceptor Held over the other An examination of the data led 
us to assume that the transformation should be found to take place some- 
wheic near the ngc of piibeity Tbe present experiment was made in order 
to determine the trustworthiness of this assiimption 

Hot mg (1) has aigiitd that theic is a constant relationship between the 
limen foi two points and the magnitude of the eiror of localization, If 
Hoiing’s logic IS sound, then we can use liis generalization in still another 
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way We can advance the argument that what conclnsiona have been drawn 
with respect to the space limcn for two points should also be expected to 
hold for the errors of localisation. 

Rivers and MacDougall (quoted in +) have advanced the “law” that 
sensory discrimination exists in inverse proportion to the nges and to status 
of the civilization of a population. Compaiing the average limen'^ for two 
points on the forearm, SO Murray Island men gave a mean of 19 8 mm., 
and 25 Muirny Island boys a mean of 14 mm Dyak men gave a forearm 
liinen of 35 mm Toda men gave a mean of 40 5 mm., and Toda hoys 
wcie found to have a mean of 30 mm. English working men gave n mean 
of 44.6 mm,, and Oxford piepaiatory school boys, 38 9 mm,, Oxford ele¬ 
mentary school boys, 36 2 mm , and Cambridge graduates and undcigradu¬ 
ates, SI.5 mm, These are the figures from which the geneiah/anon was 
drawn. 

We hold that the Rivers-MacDougall "law'” is based upon a fallacy, 
namely, that of comparing the hist sense mode of one group or age with the 
poorest functional mode of the other group When the data aie rendei ed 
comparnble, as has been shown In the two previous papers (5, 6), the dif¬ 
ferences disappear The present paper picscnts furthci evidence confiima- 
tory to this pomt. 

Mbtjiods and Results 

Fifty-five male subjects were used in this experiment, five in each nge 
gioup fiom the sixth to the sixteenth year, inclusive. Table 1 presents the 
means and standard deviations of the means of 50 localizations by each S, 
using the tnctual-kinaesthetic method, and 50 localwations using the visual 
method Thus, the accompanying data represents the means of 250 localiza¬ 
tions by five subjects at each age, using each of the two methods The fol¬ 
lowing things seem evident from examination of Table 1 

1. Tactual-kinocstlietic localisation ta superior to visual from the eighth 
to the twelfth year, at which time there is no difference, 

2, At puberty there is ^n abrupt change (increase m accuracy in both 
methods). 

3 Between the thirteenth and fourteenth years there is an inveision in 
the relative accuracy of localization by the two methods, and the visual 
becomes dominant, 

4 Visual localization is distinctly supeiior thereafter m the fourteenth, 
fifteenth, and sixteenth ycais The divcigencc continues to Incieasc and 
reaches its maximutn in adulthood. 

To anticipate the objection that the differences in the sizes of the mean 
error are to be accounted for by boiindaiy conditions, that is, to the dis¬ 
tribution-density of icceptors m hands and aims diffcniig in size as much 
as those of eight-year-old children and adults, attention need only be called 
to the following facts 
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1 Congenitally blind ndultg with much lamer linncla niul arms localize 
With the approximate mean error of the seeing cluldrcn 

2. The executant movement in lacaliring ia tiusceptiblc to practice effect 
in large degree 

3. There is no known neurological or psychological evidence to 8Up[>nrt 
the notion that accuracy of localization la to be accounted (or by the hypo¬ 
thetical distribution of icceptors in the skin find faacin The woik of Dallen- 
bncli (3) and the fact that the feltwoik of subcutaneous nerve-fibres is nll- 
pervaaive in the tissues makes the question of density of rcpcptors per unit 
area an extremely doubtful ground for any such conclusion 

4. The Btudies of Cole (2) show that regions which have, so far as la 
known, equal or nearly equal density of fibres in the superficial tissues, have 
widely differing mean eiiors of localization. In view of (he foregoing 
points, It IS extremely unlikely that agc-dilfcrencca me due to boundnry 
conditions No reliable mcasuicmeiits of the mean palmar distal-proximal 
met id van of the hands of children at various ages could be found ut the 
anthropometric tables, Calculations were made based on the nssiimplinns 
of n 3 to 1 difference in the sizes of adult and child suiface areas 'J'his 
correction also failed to account for the measured dvlTerencc of the errors. 

When seeing childicn utilize their less effective method (visual) and seeing 
adults utilise their poorest method (T-'/f), no true diffeicneo in the mcu¬ 
racy of localization was found, not was there n true difTcrcncc where the 
best methods of the two groups were compaicd (5, 6). This answers the 
question of the alleged superiority of childicn over adults. It is the fallacy 
in the alleged Rivcrs-MncDougall The widespread theoicLical do- 

ductiona drawn from such evidence arc held to be cfioucovia and tmiuuir\cd» 
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Ai Ps IIrdm^KA (JitlilrPii Jf^ho Run on All Fours and Other Atnmal-Like 
hfhavior i}i the Human ChtUL New York McGraw-Hii;, 1911, Pp. 41S 
Doclor llrdlijikn has mncic n valuable contribution to the scant knowledge 
of wlial he nj'htly calls most promising and fascinating field of re- 
seniLli»“ —the dcYclopmciit of locomotion in the human young The book 
IS divided into two ports The first part (95 pages) is the author’s tabu- 
liition and analysis of the data given in the second part, The latter (page 
97 to page 403) gives the individual reports, in letters ciuoted verbatim, as 
the author received them 

'J'hcrc arc reports of 3fi9 Individals of the white race and IS of other 
races The discussion and conclusions of the author are based upon 3Jl 
cnscfl of whiles repoiicd in more detail lie discusses ‘‘The Performance 
of Running on All Fours,” “Mentality of Cliddrcn Who Run on All Fouis,” 
“Otliei AiiiinnMikc Mnnlfcstationa,” “Curious Initial Postures and OJd 
Modes of Locomotion,“ and “Causes of AnimaLlike Manifestations 
111 tlic niiinan Child” All of these topics arc presented in clear and simple 
language. In su mm arizing the author states that* 

“'riicsc innnifcstalions ... . occur predominantly in physically and 

nicnlnlly healthy, strong, and even exceptional children” 

“The linhit of walking on all fours is more frequent in boys than sn 
girls “ 

“The children mainfcstjng the habit, with infrequent exceptions are 
tnaikcd by low morbulily and very low mortality,” 

“These phenomena constitute substantial further evidence of our de- 
iivalion from foiins picluimnh” 

“As before liirlh . . so the child after birth recapitulates and 

uses for a time various phases of its prehuman ancestral behavior’ 

'The last two statements iiulicntc Doctoi HidliCka'a primary interest, 
I'hc point of view of the entire discussion of the phenomena under con- 
Hidcration is obviously that of an anthiopologist. That he is a scholar in 
that splicic of sclcnlific rescnicli is apparent, but at the same time one 
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feels that his knowledge of the signposts of simian ancestry may not 
necessarily include a knowledge of the psychology of the humnn infant 
Questions the psychologist is sine to ask concern the selection of the 
group and the reliability of the data 

The vciy manner of obtaining the data suggests n Bclettcd gioiip 
Following the publication of an niticlc in 1927 by Ih* IlrdliSkn a woiId- 
wide request thioiigh the LUctot^ Digest, Science Nr=ws, Science, and news¬ 
papers icaultcd la Ids iccciving the letters which constitute (he data of 
this volume In reading the lettcrSp it was impossible for the reviewer to 
avoid the impression that the writers had received a suggestion that walk¬ 
ing on all fours, le, on hands and feet, indicated a general supciimily and, 
hence, were tnger to report some member of the family as having used ibis 
mode of piogresbion. Knowing horv sensational newspaper reports can be 
of a purely scientific article, the tcvicwcr was interested to lea in just \shaL 
had been the nature of the request* Efforts to locate the icquest were 
futile Whether or not it contained such a suggestion, it would be a rare 
exception that paients would voluntarily leport the behavior of one of their 
own whom they thought to be inferior Hence, it is not known tint all of 
any population (used in the biological sense) manifesting the plicnomcnn 
under conaidciation are icported, hut only that the ones who aie reported 
manifest the phenomena* Neither is thcic a control gioup foi compirativc 
purposes of children who did not use this pailiculai mode of progjcssion. 

Those furmslung the data were asked to fill out a questionnaire* Ex¬ 
perience has shown that in most cases only educated or supciioi people 
adequately fill out questionnnircd Many of the Icltcis were signed by 
professional people and others mention that both parents are college 
graduates: other indications of a selected group Supciioi parents do not 
always have superior cliildicn, yet the pciccntage of superiority in children 
of that gioup is higher than foi the population at laige 
The age of the subjects icpoitcd on at the time the Ictteis wcie written 
was nine months to eighty-fpiir years In approximately 12 per cent of tht 
cases the age could not be determined Of the remaining cases, about IS 
per cent were fifteen ycais oi moic of age Foi some of these, pictures 
taken al the time they were walking on hands and feet bear evidence of 
that mode of progression However, foi many of the points under discus¬ 
sion we are confionted with the serious factor of impel feet memory Dr, 
Hrdlicka recognizes this in his clFoit to tiacc the inheiitance of the 
phenomenon, but ignores it elsewhere Knowing the difficulty of analysis of 
movement, even iindei diiect observation by a tiaincd person, of n child 
piogiesaing rapidly on hands and knees, the icviewer is convinced that 
not only are we confionted with impelfcctions of memory but also with 
inaccuracies of observation, Notwithstanding the impel fcctions of the data 
thus supplied, the letters arc full of inteiest foi any student of iuiman 
behaviQC 
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])i. Ilrcllicka seems to accept too readily the statements of parents re- 
j^ardint; the inciual level of their offspring A psychologist conversant 
»v/fh din ten] prnjfhmv Knows how frequently such prejudiced ohacrveis faif 
IC) iccogtiut dullness In a small percentage of eases, if the facts cited 
lie coned, one avouM suspect letardntion. In a similarly small percent¬ 
age of ra*.es there is ohjeclivc proof of superiority The most convincing 
aigiiincnt of nientnl superiority is the recital of the motor accomplishments 
and age ut walf^ing of these chiMren. Although Di. Hrdlicka states that 
"the ino-it common effect of the all fours method of progression appears to 
he . . » a delay in walking erect," an analysis of the data given does 

not 'ihow this. The average age of walking for this group is indicated to 

be thirteen months This 13 somewhat earlier than the average age for 
walking as found in scientific studies of unseiccted groups, and, if correct, 
is an indication of n superior group, 

'Fo cpicstion the validity of much of the data does nor prevent one from 
appreciating the good qualities of the woiK* 

One of the praisc^yorthy qimhties is the preciseness ffudl consistency in the 
use of Lcrnib 'Iluoughout Di Ilrdlicka^s discussion he uses walking on 
all fours to mean but one thing, namely, progiessing on hands and feet 

There is no confusion of terms. This Is not true of some of the studies 

quoted in Dr llidli£ka's historical account which lenders them less yalqable 
and makes any scntlsticnl treatment from them meaningless 
Tht hook IS abundantly provided v^ith pictures of children in the alb 
fouis position These establish beyond doubt that the "bear-method" of 
progressing was used by these children 

Staicmoius in the letters which were most interesting to the reviewer had 
to do with the modes of progression antedating %enr walking" Many 
state some previoua method of locomotion Many moie state there was no 
previous progression, and othcis do not mention it A few mention a 
senes—flat on the stomach, then creeping on hands and knees, this, in 
turn, succeeded by creeping or "walking" on hands and feet. These last 
mentioned obscrvaiiong arc in accord with data recorded by means of 
motion piciincs of children at successive ages in a study of the develop 
nicnt of locomotion published by the reviewer in 1927 (Genetic Psyc/wlo0y 
Monographs, Vol 2, No 5). The data obtained in that study, however, 
would throw doubt on the statement that any child who had not been pre¬ 
vented by pioiongcd illness or artificial means would employ creeping on 
linnds aiul feet ns its fiist mode of piogression That manner of progres¬ 
sion lequircs a slicngtii and neuro-miiscular coordination which is not 
suddenly acquired Report to the contiaiy seems likely to be due to faulty 
or incomplete obseivation. 

Perhnps the gicntest value m the book to the scientist is its challenge an 
stiTiiulaticm to experimental work on the study of locomotion To the 
parent dcanous of coopeiating with the scientist pioneering in a study of 
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human behavior is its suggestion foi mine accurately kept records. Only 
by diicctcd cooperation between the two can the study of infant behavior and 
development advance satisfactorily. 
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